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LOCAL ANESTOgnC AND METHOD OF USE 
TECHNICAL FIELD 

This invention, relates to pharmaceutical formulations adxbinistered via parenteral 
methods, which provide la prolonged localized analgesic effect More particularly, the present 
invention concerns , a pharmaceutically acceptable biocompatible biodegradable carrier 
containing a local anesthetic and the parenteral administration of such carrier in a maimer 
such that a localized analgesic effect is attained for a prolonged period of time. 

BACKGROUND OF THE INVENTION 

Local anesdi'etics are dmgs, which provide lo6al numbness and/or analgesia. While 
compounds utilized as general anesthetics reduce pain by producing a loss, of consciousness, 
local anesflietics act by pioducing a loss of sensation in the localized area of administration in 
tiie body. The local anestheticis are a family of drugs with a long history of providing local 
anesthesia for surgery and painful procedures. In general, these products have a rapid onset, 
but a Relatively short duration of action. 

Different devices and fonnulations are known in the art .for administration of local 
anesthetics. For maniple,. local anesthetics can be delivered. in solution or suspension by. 
means of injection, in&sion, infiltration, irrigation, topical^ and the like, bijectioh or 
infusion can be carried out acutely, or if prolonged local efiGxts are desired, localized 
anesthetic agwts can be administered continuously by means of a gravity drip or infusion 
pump. 

Local anesthetics are disclosed in the following United States Patents: U.S. Patent No. 
5,618,563; U.S. Patent No. 5,747,060; U.S. Patent No. 5.700,485; U.S. Patent No. 5,942,241;^ 
U.S. Patent No. 5,922,340; U.S. Patent No. 6,046,187. 

A relatively long-acting local aneisthetic, bupivacaine hydrochloride, is comm^ially 
available as Mancaine® Hydrochloride and Sensorcainc, among others, in sterile isotonic 
solutions. with and without epinephrine (as bitartrate) 1:200,000 for injection via local 
infiltration, peripheral nerve block, and caudal and lumbar epidural blocks. After injection of 
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Marcaine^ for caudal, epidural or peripheial nerve block. in man, peak concentrations of 
biq>ivacaine in the blood are reached in 30 to 4S minutes, followed by a decline to 
msignificant levels during the next three to six hours. 

A deliveiy system and method for local anes&etics which provides an extended 
period of local anesthesia, pain relief or analgesia is desireable. In particular, a delivery 
system and method, which is capable of being administered or injection resulting in a 
prolonged analgesic/anesthetic action is considered highly desirable. 
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OBJECTS AND SUMMARY OFTHE INVBamON 

It is an object of the present invention to provide a foimulation of a local anesflietic 
which is administrabile^ e.g./^a injection^ infiltration, or implantation to provide prolonged, 
local numbness, pain relief, local analgesia, local anesthesia or nerve blockage at the site of 
administration. ■ ' 

It is another object of another preferred embodiment of the present invention to 
provide a biocompatible, biodegradable controlled release formulation of a local anesthetic 
which will provide an adequate (e.g., partial or full) sensory block (e.g., local analgesia, local 
anesthesia, or both) when administered at a desired site in a human patient, wifli a desired 
onset and prolonged duration of analgesic activity after administration, and which does so in 
a safe manner. 

In accordance with fhe above objects and others, the present invention is directed in 
part to a controlled release formulation and method for providing local analgesia in a human,' 
comprising administering at a desired site in a human patient a biocompatible, biodegradable 
controlled release carrier including a local anesthetic, the formulation providmg an onset of 
local anesthesia or pain relief Qocal analgesia), local numbness or nerve blockade at die site 
of administration in a human which, upon firat administration, occurs less than about 2 houra 
after administration, and a duration of effect which lasts format leaist about 1 day after 
administratioiL 

In certain embodiments, Uie. invention is directed to a method for providing local 
analgesia, local anesOiesia or nerve blockade in a human, compismg administering at a site 
in a human a formulation comprising a plurality of controlled release microq>heies 
comprising bupivacaine fiee base and a biocompatible, biodegradable polymer oonq)rising a 
65:35 DL copolymer of lactic and glycolic acid having IScee carbo}^c acid end groups, said 
copolymer having a molecular weiight of about 40 kDa to about 120kDa, said microspheres 
comprising &om about 60%* to about 85% bupivacaine fiee base, \>y wei^t, said 
microspheres being contained m a pharmaceutically acceptable medium for parenteral 
administration, said formulation having a concentration of bupivacaine fiee base fiom about 
2.25 mg/ml to about 36.0 mg/ml and the formulation including a total amount of bupivacaine 
free base fiom about 45 mg to about 360 mg prior to administration, such Aat said 
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fomiulatioD provides local analgesia, local anesthesia or nerve blockade at the sate of 
administration less than about 2 hoiurs after first administcation* and a duiatioQ of local 
analgesia, local anesthesia or nerve blockade which lasts for at least about 1 day after first 
administration. The present invention is also directed to formulations utilized in this method. 

In certain preferred embodiments, the duration of local analgesia is at least about 2 
days, optionally the duration can be fix>m about 2 to about 7 days after administration. In 
certain other preferred embodiments, the duration of local analgesia is from about 2 to about 
4 days, or from about 3 to about 5 days, or from about 4 to about 7 days after administiation. 

In certain embodiments, the formulation further comprises a dose of a second local 
anesthetic in immediate release form, said second , local anesthetic providing an onset of 
activity in less than about S minutes after administration of the formulatioa 

In additional embodiments, the formulation comprises a plurality of controlled release 
miccospheies containing the local anesthetic. In certain preferred embodiments, the 
formulation further comprises an .augmenting agent in an amount effective to prolong die 
effect of the local anesthetic. 

In certain preferred embodiments, ttie local anesthetic incorporated into the 
formulation is bupivacaine free base. 

The invention is further related to a foihiulation for providing local anesthesia or local 
analgesia or pain relief or nerve blockage at a site in a. patient, comprising a plurality of 
bioconipatible, biodegradable controlled release microspheres' containing a dose of local 
anesthetic, providing an onset of local analgesia at the site of administcation which occurs 
less than about 2 hours after administration, and a duration of local analgesia which lasts for 
at least about . 1 day after administration. The microspheres may be suspended in a 
phannaceutically acceptable medium for parenteral injection or infiltration prior to 
administration at the desired site. 

In certain prefenred embodiments, the microspheres further comprise an augmenting 
agent and provide local analgesia which lasts for at least 72 hours after administration. 
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In certain piefened embodiments, the micTOspheres further comprise an augmenting 
agent and provide local analgesia ivfaich lasts for at least about 4 days after administration. 

Jsx certain preferred embodiments, the formulation provides a measurable change in 
sensory responses at the site of administration in a human patient for a time period from 
about 2 days to about 7 days after administration. 

In certain preferred embodiments, the local anesthetic formulations of the invention 
include an augmenting agent and provide a measurable change in sensory responses at the 
site of administration in a human patient for a time period from about 4 days to about 7 days 
after administration. 

In other preferred embodiments, the formulations do not include an effective amount 
of an augmenting agent and provide a measurable change in sensory responses at the site of 
administcation in a human patient for a time period from about 1 day to about 3 dsiys after 
admimstiation. Opionally the fommlations contam no augineiiting agent 

In certain preferred embodiments, the local anesdietic formulation further contprises a 
second local anesthetic in inmiediate release form, said formulation providing an onset of 
activity not more than S minutes after parenteral administiatipn bf the formulation. 

The invention is fiirther related to methods of treatment, ccmiprising admmistezing an 
effective amount of the formulations cionqirising a biocompatible, biodegradable controlled 
release carrier such as those described herein containing the local anesthetic (wilh or without 
optional augmenting agent) to a human patient or to a mammal. 

The controlled release local anesthetic dosage form may be injected, infiltrated, 
implanted or administered in any oflier ibshion known to those skilled in the art, at the site 
where the anesthetic is to be released. This can be prior to surgery, at the time of surgery, or. 
following removal (discontinuation) or reversal of a systemic anesthetic or trauma or injury. 

In certain preferred embodiments, ibQ local anesthetic is incorporated into a 
biocompatible, biodegradable polynier, preferably in the fofm of microspheres or 
microcapsules, which are in turn suspended in a pharmaceuticaliy acceptable medium for 
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adininistraticm (e.g., injection^ trocar, or other means of infiltration) a desired site in the 
patient (e.g.» subcutaneoosly). The local anesthetic loaded microspheres may be extended 
duration local anesthetic formulations ("EDLA") which extend the duration of die analgesia 
to, e.g., about 4 to about 5 days after administration. The prolonged duration of EDLA 
formulations may be made possible via the incorporation of an augmenting agent (e.g., a 
^ucocorticosteroid such as dexamethasone). In other preferred embodiments, the local 
anesthetic loaded micro^heres do not incorporate an augmenting agent, and. the duration of 
analgesia lasts for about 1 to about 3 days after administration. Such formulations are referred 
to herein as an intermediate duration local anesthetic (^IDLA")* In preferred embodiments, 
fte onset of m^surable changes in sensory findings at the site of administration (indicative of 
analgesia) occur within about 2 hours with either the EDLA or the IDLA formulations. 

In certain preferred embodiments, the formulations of the present invention comprise 
microcapsules in which the local anesthetic (e.g., bupivacaine base) with or without optional 
augmenting agent (e.g.,dexamethasone) is not uniformly distributed throughout the controlled 
release carrier (e.g., PLGA). In certain preferred embodiments, flie microcapsules comprise a 
"shell" and a "core", the bulk of the drug(s) being found m die core (e.g., about 60-100%, 
preferably about 70-90%), and the remainder of the drug(s) is found m the shell of the * 
microcapsules. In fuittiec preferred embodiments, such microcapsules have a mean particular 
size preferably smaller than 200 microns, and preferably have a particular size distribution - 
fiom about S to about ISO microns, more preferably from about 2S to about 125 microns. In 
fiiither preferred embodiments, the "sheir of the microcapsule is fix>m about 1 to about 10 
microns m mean thickness, and more preferably to about 3 to about S microns in mean; 
thickness. 

In certain embodiments, the invention is further directed to die disclosed formulations 
and methods which exhibit particular pharmacokinetic parameters as disclosed herain vAach 
can be measured by miciodialysis. * 

As used herein, die terms '*locaI anesthetic agent" or "local anesthetic" means any 
drug, which provides local numbness, pain relief^ nerve blockage, analgesia, and/or 
anesthesia. The term also includes, but is not limited to, any dmg which, when locally 
administered, e.g., topically or by infiltratipn or injection, provides localized full or partial 
inhibition of sensory perception and/or motor function. Under eidier defirution, die localized 
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condition so induced is also lefened to heiein as *'Iocal analgesia". For pmposes of &e 
present invention^ the phrase "local anesthetic'* also includes^ but is not limited to, drugs 
which, when locally administered, e.g., topically or by infiltration or injection, provide 
localized full or partial inhibition of sensory perception and/or motor function. Conmionly 
known local anesthetic agents include bupivacaine, levo-bupivacaine, ropivacaine, 
benzocaine, dibucaine, procaine, chloroprocaine, prilocaine, mepivacaine; etidocaine, 
tetracaine, lidocaine, and xylocaine, as well as anesthetically active derivatives, analogs and 
mixtures thereof. The phrase "local anestiietic agents" also can include those agents which 
are typically administered systemically, but which can be administered in a manner that 
results only in a local effect The phrase '^local anesthetic" also can include drugs of a 
different class than those traditionally associated with local anesthetic properties, such as 
morphine, fentanyl, and agents which, for example, can provide regional blockade of 
nociceptive pathways (afferent and/or efferent). Local anesthetics can be in the form of a salt, 
for example, the hydrochloride, bromide, acetate, citrate, carbonate or sulfate, or in the form 
of a.fiee base. The &ee base generally provides a slower initial release and avoids an early 
Mumping" of the local anesthetic at the mjection sitei 

The controlled release formulations and niethods of the invention may be used in 
conjunction with any system for application, infiQteation,'tmplantfition, insertioh, or injectioti 
known in the art, includmg but not United to micrpparticles, e.g., microsph^res or 
microcapsules, lipostmies, gels, pastes^ trochais, tablets, implantable rods, pellets, plates or 
fibers and tihe like. The term '^microspheres" as used herein is deemed to encompass matrices 
in which the drug (eg., local anesthetic) is distrflsuted (either uniformly or non-uniformly) 
throughout the biocompttible, biodegiadable polymer. Microq)heres in which Ihe dmg(s) is 
not uniformly distributed tfnoughout fte polymer are alternatively referred to herein as 
microcapsules. Hie tenn "micropaitides** is interchangeably used herein with the term 
microspheres. In certain prefened embodiments, the local anestiietic microspheres are 
microcapsules. 

As used herein, the terms controlled release and sustained release indicate a 
prolongation of the dumtion of release and/or duration of action of an active agent and are 
well understood in the art and are intended to be interchangeable, unless otherwise indicated. 
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As used herein, the tenn "patienf broadly refers to any animal, preferably a human, 
that is to be treated with the compositions and by the methods herein disclosed. The disclosed 
extended duration micioparticle formulations can provide prolonged and effective 
administration of active agents. In paiticular, the disclosed methods and compositions will 
find use in veterinary practice and animal husbandry for, e.g., birds and mammals, wherever 
prolonged local anes&esia is convenient or desirable. In certain embodiments, the 
formulations . are preferably used for companion animals such as dogs or cats, and 
additionally may be used in horses. In a preferred embodhnent, flie term "patient*' includes 
humans in need of or desiring prolonged local analgesia or local nerve blockade or local 
numbness. , ' 

As used herein, the tenn ''unit dose" refers to physically discrete units suitable as 
unitary dosages for inanunalian subjects, each unit, containing as the active ingredient a 
pzedetennined quantity of the local anesthetic. Examples of suitable, unit doses of local 
anesthetic m accordance with the invention include liquid preparations in suitable containers 
for iigection, sterile diy preparations for fhe extemporaneous prq>aration of sterile injectable 
preparations in a suitable liquid vehicle, or for administration as a solid implant 

The term 'X^mn*' as it is used herein is the highest plasma or tissue concentration of 
' flie drug attained after a single administration. 

The teiiii 'Tmax** as it is used herein is the time period which elapses after 
administration of Qie dosage form until &e plasma or tissue concentration of the drug attains 
tfie higjoiest concentration afi^ a single administration. 

The term "AUC" as it is used herein is the area under flie plasma or tissue 
concentration^time curve. The AUCt is the area under the , curve for the measured interval 
and the term AUCoois the extrapolated area under the curve. 

The tenn **mean" for puiposes of the present invention, when used to define a 
pharmacokinetic value represents the arithmetic , mean value measured across a human 
population, e.g., as tested in tiiie appended examples or larger.. 
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Figure I is a graph depicting the in vitro release of various Examples; 

Figure 2 is a graph showing in vivo efficacy (mean latency and percent lesponders 
assessed in the rat iising a hotplate model) for various Examples; 

Figure 3 is a graph showing an average release profile for Example 2b; 

Figure Al is a graph of the mean mechanical pain detection thresholds over time 
observed after administration of 40K EDLA and 120 K EDLA; 

Figure A2 is a graph of flie mean mechanical pain detection tiiresholds over time for 
U5% 40KBDLA and 1.25% 40KIDLA; 

Figure A3 is a graph of ttie mean suprafhreshold pain response-mechanical (VRS) 
scores over time observed afier admirustcation of 46k EDLA and 120K EDLA; 

Figure A4 is a graph of the mean suprathieshold pain response-mechanical (VRS) 
scores over time for 1.2S% 40K EDLA and 1.25% 40K IDLA; 

Figure AS is a graph of the mean mechanical touch detebtibn thresholds over time 
observed afier adrnmistration of 40K EDLA and 120K EDLA; 

Figure A6 is a graph of the mechanical touch detection thresholds over timefor 
1.25% 40K EDLA and 1 .25% 40K IDLA; 

Figure A7 is a graph of the mean suprathreshold pain response-heat testing (VRS 
scores) over time for 40K EDLA and 120K EDLA; 

Figure A8 is a graph of the mean suprathreshold pain response-heat testmg (VRS 
scores) over time for 1.25% 40K EDLA and 1 .25% 40K IDLA; 



9 



wo 02/058670 PCT/US02/02461 

Figure A9 is a graph of flie mean heat pain detection thresholds over time for 40K 
EDLAandl20KEDLA; 

Figure Al 0 is a graph of the mean heat pain detection thresholds over time for 1 .25% 
40K EDLA and 1.25% 40K IDLA;. 

Figure Al 1 is a graph of the mean waim detection thresholds over time for 40K 
EDLA and 120K EDLA; 

Figure A12 is a graph of the mean warm detection thresholds over time for 1 .25% 
40K EDLA and 1.25% 40K IDLA; 

Figure A13 is a graph of the mean cool detection tirresholds over time observed afier 
administration of 40K EDLA and 120K EDLA;' 

Figure CI is a graph of the mean re^onse to pin-prick over time observed after 
administration of 120K EDLA; 

Figure C2 is a graph of tiie mean response to pin-prick over time observed after • 
administration of 40K EDLA; 

Figure CS is a graph of flie mean response to pin-prick over time for 2.5% 40K EDLA 
^ 2.5% 40K IDLA; 

Figure C4 is a graph of &e mean response to pin-prick over time for 1.25%' 120K 
EDLA and 120K IDLA; 

Figure C5 is a gmph of the mean response to pm-prick over time for 5.0% 40K 

EDLA; 

Figure C6 is a graph of the mean response to somesthetic testing over time for 2.5% 
4QK EDLA and 2.5% 40K IDLA; 
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Figaxe C7 is a graph of tibe mean degree of numbness over time observed afier 
administration of 120K EDLA; 

FigaiG C8 is a graph of die mean degree of numbness over time observed after 
administration of 40K BDLA; 

Figure C9 is a graph of the mean degree of numbness over tune for 2.5% 40K EDLA 
and2.S%40KIDLA; 

FiguieClO is a giqih of die mean degree of numbness over time for S.0% 40K 

EDLA; 

Figure CI 1 is a graph of the mean plasma bupivacaine concentrations over time for 
120KEDLA; 

Figure C12 is a graph of die mean plasma bupivacaine concentrations over time for . 
40KEDLA; 

Figure CI 3 is a graph of thci mean plasma bupivacaine concentrations over time for 
2.5% 40KEDLA and 2.5% 40K IDLA; 

Figure C14 is a gnqih of die mean plasma bupivacaine conomlzalions over time for 
1.25% 120K EDLA and 1.25% UOItlDLA; 

Figure CI 5 is a graph of die mean plasma bq>ivacaine concentrations over time for 
S.0% 401: EDLA; 

• ■ 

FigureDl shows the assessment areas on the back ofihe hand that were used for 
pinprick testing; 
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Figure D2 shows the degree of analgesia/anesthesia experienced by subjects treated 
wifli 2.5% 120K EDLA/and Ae plasma bupivacaine concentratioiu, over time after 
administration; 

Figure D3 shows the degree of analgesia/anesthesia experienced by^ subjects treated 
with aqueous bupivacaine (0.5% AB-D), and the pla^a bupivacaine concentrations, over 
time after administration; . . . 

Figure El shows mean pinprick scores for 120K EDLA or aqueous bupivacaine over 
time, up to 50 days; . 

Figure Fl shows the percent of subjects experiencing analgesia/anesdiesia when 
treated wifli 40K EDLA or aqueous bupivacaine; 

Figure F2 shows the mean and range of duration of analgesia/anesthesia experienced 
by subjects treated ^th 40K EDLA or aqueous bupivacaine; 

Figure F3 is a grq>h of analgesia/anesfliesia over time experienced by subjects treated 
vnfb L25%40KEDLAor 125%40KIDLA; 

■•- ..* ' * ■ 

Figure F4 shows the percent of subjects e)q)eriencing temperature perception block 
over time when treated with L25% 40K EDLA or aqueous bupivacaine; 

Figure F5 is a graph of the mean and range of duration of temperature perception 
block over time experienced by subjects treated with 40K EDLA or aqueous bupivacaine; 

Figure F6 is a graph of the numbness scores over time experienced by subjects treated 
with.l.25%40KEDLAandl.25%40KIDLA; . * . 

Figure F7 is a graph of the peak mechanical touch detection thresholds over time 
experienced by subjects treated with 1 .25% 40K EDLA or 1 .25% 40K BDLA; 

Figure F8 is a graph of the mean plasma bupivacaine concentrations over time in 
subjects treated with 1.25% 40KEDLA and 1.25% 40K IDLA; 

•12 
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Figuie Gl is a graph of the degree of analgesia/anesfliesia experienced by subjects 
treated witti 40K EDLA and 120K EDLA; 

Figuie G2 is a graph of die onset of analgesia/anesthesia e3q)erienced by subjects 
treated with 40KEDLA and 120K EDLA; 

Figure 03 is a graph of the mean level of analgesia/anesthesia experienced by 
subjects treated with 1.25% 40K and 1.25% 40K IDIA; . 

Figure 04 is a graph of die mean level of temperature perception block e^qperiehced 
by subjects treated wifli 40K EDLA and 120K EDLA; 

Figure 05 is a graph of the temperature perception block experienced by subjects 
treated wiA 1.25% 40K iBDLA and 125% 40K IDLA; 

. Figure 06 is a graph of the degree of numbness experienced by subjects treated with 
40K EDLA and 120K EDLA; 

Figure 07 is a gjaph of die degree of numbness experienced by subjects treated widi 
1.25%40kEDLAand 1.25%40KIDLA; 

Figure HI is a histogram of the time to first pain >3 e!7q>erienced by pediatric surgery 
patients treated with 40K EDLA or placebo; ^ 

Figure H2 is a histogram of die time to first use of rescue medication by podiatric 
suri^ry patients treated with 40K EDLA or placebo. 

Figure Jl depicts a summary of study design of part I and part E of die microdialysis 

study. 

Figure J2 depicts the iqjection points made into an area of subcutaneous tissue in tlie 
microdialysis study. 

Figure J3 depicts die disposition of subjecte in the microdialysis study. 
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DETAILED DESCRIPTION 



The formulations of the invention zhay be administered paienteially . Suitable 
. locations for administration include but aie not limited to» subcutaneous^ intramuscular, 
intercostal, at a single nerve, epidural, or intra-aiticular. It is an object of another preferred 
embodiment of the invention to provide local analgesia or anesthesia to the following areas of 
the body: Superficial and/or Deep cervical plexus block in the neck» the Brachial Plexus by 
interscalene, supraclavicular, infiaclavicular, and axillary approaches, the musculocutaneous 
nerve in the upper extremity, nerves in the elbow region (ulnar nerve, median nerve, radial 
nerve, lateral antebrachial cutaneous nerve); the nerves in the wrist area (ufaiar, median, 
radial); the Lumbosacral Plexus (Psosas compartment, Lumbar plexus, Sciatic nerves: 
common peroneal nerve, superficial and deep perdneal nerves, anterior tibial nerve, sural - 
nerve, anterior tibial nerve, musculocutaneous nerve, Tibial nerve); Knee joint nerves 
(common peroneal, tibial, saphenous); Lumbar Epidural, Cervical, Thoracic and Lumbar 
Spinal nerve roots, Intercostal nerves, Horacic Spinal nerves. Spinal Accessory nerve, 
hypoglossal nerve; lateral femoral cutaneous nerve, suprascapular nerve femoral nerve. 
Obturator nerve, sacial nerves; Paracervical and Pudendal blocks in Obstetrics. Additionally, 
the foimulalions of flie invention may be used witti respect to the following nerves, which axe 
susceptible to blockade in the area of pain Oierapy: specifically Sympathetic blockade: 
Stellate ganglion, Celiac plexus, Lumbar sympathetic, splanchnic nerves, vagus nerve; flie 
head area, including: Oe Gasserian ganglion, sphenopalatine ganglion, postmor siq[>erior 
alveolar nerve, inlBraoibital and anterior superior alveolar nerves, inferior alveolar nerve, 
lingual nerve, superior laryngeal nerve, inferior or recurrent laryngeal nerve, branches of the 
ophthalmic nerve :(lacrimal,;fix>ntal, and nasociliary), mandibular nerve, eAmoidal nerve, 
mental nerve, lingual nerve, &cial nerve, glossopharyngeal nerve, the supraoAital and 
siqyralrochlear nerves; the maxillary nerve and palatine nerves; infraorbital, mental, occipital 
nerves, myo&scial trigger points and Intercostal block (blockade of Uie thoracic spinal roots, 
dorsd branch, ventral branch at angle of rib, ventral bramsh in posterior axillary li^^ 
dorsolateral intercostal block); Injguinal and Iliohypogastric nerves;. cervical plexus; phrenic 
nerve; peridural block (segmental, continuous epidural block, caudal and subarachnoid block, 
and heuraxially, as well as any other location at which the formulations of the mveiition 
. would be considered usefiil. 
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bi certain preferred embodiments, fhe foimulations and methods of the invention may 
be fiutfaer chaiactmzed by providing an in-vitro dissohition of tbe local anesthetic fiom the 
biocompatible^ biodegradable carrier as follows: . 
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The in-vitro dissolution range described above may be determined by subjecting the 
local anesthetic fonnulation to in-vitro conditions specified by die USP n Paddle Method, 
100 KPNt 37 degrees Celcius, pH 3.0 in 900 ml of lOmM sodium phosphate buffer. 

In certain preferred embodiments, the dissolution.ranges (determined as set forth 
above) are as follows: 
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The in-vivo efficacy of the formulations and methods of the mvention may be fiirther 
assessed in the rat using hotplate model, e.g., according to the procedure described in detail in 
lACUC No 9S11-2199. The efiBcacy criteria established for fonnulations of fixe invention are 
mean latency greater than about 2 seconds, with a 12 second cut-ofif(fiiis cutoff is unposed to 
prevent any possible damage to the animal). Latencies at 2 seconds are demonstrative of a 



15 



WO02/0S8670 



PCT/DS02/02461 



statistically significant effect of ttie local anesflietic. Preferably, tibe mean latency under Hie 
lat hotplate model is greater than 7 seconds. Pieferably, the percent tesponders is 50% or 
greater. Preferably, the formulations of the invention provide a mean latency under the rat 
. hotplate model greater than about 7 seconds to about 12 seconds, with the percent of rats 
exhibiting Oie effect being at least about 50% of those tested. 

Sensory, testing in human models is use&l in testing of local anesthetic formulatiotis. 
In the appended examples, the local anesthetic activity in accordance with the invention was 
examined with reference to onset, peak density and duration of effect using seven specific 
modalities: 1) mechanical sensory testing (mechanical pain detection tiireshold using von 
Frey hairs; 2) suprathreshold (mechanical) , testing using a single von Frey hair, 3) tiiennal 
sensory testing (warm detection threshold); 4) heat pain detection threshold; 5) 
suprathreshold (heat) testing; 6) cool detection threshold; and 7) tactile sensory testing 
(mechanical touch detection tiuiesbold). The varying degrees or levels of the results are 
indicative of the patient experiencing local pain relief local numbness, and or local nerve 
blockade. The anesthetic activity of the formulations and methods of the inventipn was 
fiirther chaiacterized with respect to safety, by various measures of activity such as systemic 
blood plasma levete attained after administration at the localized 

The formulations of flie present invention preferably provide an onset of effect in 
humans at the site of administration, Which occurs less than about 2 hours after 
administration, and a duration of local analgesia which lasts, for at least about 1 to abo\it 7 
days after administration. The duration of effect is at least 1 day, but may be at least 2 days, 
at least 3 days, at least 4 days, at least S days, at least 6 days, at least 7 days, or more . 

In certain prefened.embodim^ts the formulations further comprise an au|inenting 
agent in an amount effective to {xcolong tiie effect of the local anesthetic. Li such 
embodiments, the formulations have a duration of local analgesia which lasts for at least 
about 4 days after administration, and m certain cases preferably for about 4 to about 7 days 
after administration. Such formulations are exemplified in the app^ded Exanq;iles, 
particularly via the formulation of Example 2. In certain other preferred embodiments, the 
duration of local analgesia is shorter, e.g., lasting until fiom about 24 to about 36 hours after 
administration. Such formulations are exemplified in the appended Examples, particularly via 
the formulation of Example 1 . 
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Ifoweveiy as will be e;q;)laiQed below».it is readily apparent to one skilled in ttie ait that 
die exemplified fonnulations can be modified without altering the resultant duration of 
analgesia or anesthesia. 

FormulatioBS 

Any pharmaceutically acceptable vehicle or formulation suitable for local infiltration 
or injection into a site to be anesthetized, that is able to provide a sustained release of an 
active agent may be employed to provide for prolonged localanesthesia and/or analgesia as 
needed. Slow release formulations known in the art include specially coated pellets, polymer 
fonnulations or matrices for surgical insertion or as sustained release microparticles» e.g., 
Microspheres or microcapsules, for implantation, insertion, infusion or injection, wherein the 
slow release of the active medicament is brought about through sustained or controlled 
difRiaion out of flie matrix and/or selective breakdown of tiie coating of the preparation or 
selective breakdown of a polymer matnx. Other formiiiations or vehicles for sustained or 
immediate deliy^ of an agent to a preferred localized site in a patient mclude, e.g., 
suspensions, emulsions^ gels, liposomes and any otiier suitable art known deliveiy vehicle or 
formulation accqpiable for subcutaneous or intramuscular a^ 

A wide variety of biocompatible materials msx- ho utilized as a controlled release 
carrier to provide the controlled release of tfie local anesftetic. Any phannaceuiically 
acceptable biocompatible polymer known to tiiose skilled in the art may be utSizecL It is 
pxeferred. that the biocompatible controlled release material degrade in vivo within about one 
year, preferably within about 3 montfis, more preferably within about two months. More 
pxeferably, die controlled release material will degrade significantiy wiflun one to three 
mondis, with at least 50% of the . material degrading into non-toxic residues, which are 
removed by the body, aiid 100% of the dmg being released within a time period within about 
two weeks, prefembly within about 2 days to about 7 days. A degradable controlled release 
material should preferably degrade by hydrolysis, either by surface erosion or bulk eio^on, 
so that release is not only sustained but also provides desirable release rates. However, the 
pharmacokinetic release profile of these formulations may be first order, zero order, bi- or 
multi-phasic, to provide the desired reversible local anesthetic effect over the desired time 
period. 
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Suitable biocompatible polymers can be utiluzed as the controlled release material. 
Hie polymeric material may comprise bioconq>atible, biodegradable polymers, and in certain 
preferred embodiments is preferably a copolymer of lactic and glycolic acid. Preferred 
controlled release materials wbich are usefiil in tbe formulations of the invention include the 
polyanhydrides» polyesters, co-polymers of lactic acid and glycolic acid (preferably wherein 
the weight ratio of lactic acid to glycolic acid is no more than 4:1 i.e., 80% or less lactic acid 
to 20% or more glycolic acid by weight)) and polyor&oesters containing a catalyst or 
degradation enhancing compound, for example, containing at least 1% by weight anhydride 
catalyst such as maleic anhydride. Examples of polyesters include polylactic acid, 
polyglycolic acid and polylactic acid-polyglycolic acid copolymers. Other useful polymers 
include protein polymers such as coUagen, gelatin, fibrin and fibrinogen aiod polysaccharides 
such as hyaluronic acid. 

The polymeric material may be prepared by ^y method known to those skilled in ihe 
art For example, where the polymeric material is comprised of a copolymer of lactic and 
glycolic acid, this copolymer may be prepared by toe procedure set fortti in U.S. Patent No. 
4,293,539 (Ludwig, et al.). Alternatively, copolymers of lactic and glycolic acid may be 
prepared by any other procedure known to those drilled in the art 

Various commercially available poly (lactide-co-glycolide) materials (PLGA) may be 
used in the preparation of the microspheres of the present inventioru For mample, poly(d,l- 
lactic-co-glycoUc acid) is commercially available firom Alkermes, Inc. (formisrly Medisorb 
Technologies International LP. (Cincinnati, OH)). A prefened product commeicially 
available fiom Medisorb is a 50:50 poly (D, L) lactic co-glycolic acid knbwh as MEDISORB 
5050 DL. This product has a mole percent composition of 50% lactide and 50% glycolide. 
Oflier suitable cormnercially available products are Medisorb 65:35 DL, 75:25 DL, 85:15 DL 
and poly(d,l-]actic acicQ (dJ-PLA). Poly(Iactide-co-gi^colides) are also commercially 
available from Boerhinger Ingelheim (Germany) under its RESOMER® mark, e.g., PLGA 
50:50 (RESOMER RG 502). PLGA 75:25 (RESOMER RG 752) and d,l.PLA (RESOMER 
RG 206), and from Birmingham Polymers (Birmingham, Alabama). These copolymers are 
available in a wide range of molecular weights and ratios of lactic to gilycolic acid. 
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Other useful polymers include polylactides, polyglycolides, polyanhydrides, 
polyoiAoesterS) polycsqprolactones, polypl^o^hazenes, polypUosphoesterSf polysaccharides, 
pioteinaceous polymeis, soluble derivatives of polysaccharides, soluble derivatives of 
proteinaceous polymers, polypeptides, polyesters, and poiyordxoesters or mixtures or blends 
of any of these. Fharmaceuticaliy acceptable polyanhydrides which are useM in the present 
invention have a water-labile, anhydride linkage. The rate of drug release can be controlled by 
the particular polyanhydridet polymer utilized and its molecular weight The polysaccharides 
may be poly-l,4-glucans, e.g., starch glycogen, amylose, amylopectin, and mixtures thereof. 
The biodegradable hydrophilic or hydrophobic polymer may be a water-soluble derivative of 
a poly-l,4-glucan, including hydrolyzed amylopectin, hydroxyall^l derivatives of hydrolyzed 
amylopectin such as hydroxyethyl starch (HES), hydroxyethyl amylose, dialdehyde starch, 
and the like. The polyanhydride polymer may be branched or linear. Examples of polymers 
which are useful in the present invention mclude (in addition to homopolymers and 
copolymers of poly(lactic acid) and/or poly(glycolic acid)) polyjbis(p- 
carboxyphenaxy)propane anhydride] (PCPP), poly[bisO>carboxy)methahe anhydride] 
(PCPM), polyanhydrides of oligomerized unsaturated aliphatic acids, polyanhydride 
polymers prepared from amino acids which are modified to ihcliide an additional carboxylic 
acid, aromatic polyanhydride compositions, and co-polymers of polyanhydrides with other 
substances, such as fatty acid tenniiiated polyanhydrides, e.g., polyanhydrides polymerized 
fiom monomers of dimers and/or trimers of unsaturated &tty acids or unsaturated aliphatic 
acids. Polyanhydrides may be pr^iared in accordance witii the meftods set fordi in U.S. 
Patent No. 4,757428, hereby incoipoiated by reference. Polyortfaoester polymeis may be 
prepared, e.g., as set fordi in U.S. Patent No* 4,070,347, hereby incorporated by reference. 
Polyphosphoesters may be prepared and used as set forth in U.S. Patent Nos. 6,008,318, 
6,153,212, 5,952,451, 6,051,576i 6,103,255, 5,176,907 and 5,194,581, all of which are 
hereby incorporated by reference herein in their entireties. 

Proteinaceous polymers may also be used Proteinaceous polymers and their soluble 
derivatives include gelation biodegradable synthetic polypeptides, elasdn, alkylated collagen, 
alkylated elastin, and the like. Biodegradable synthetic polypeptides include poly-(N- 
hydroxyalkyl)-L-asparagine, poly-(N-hydroxyalkyi>L-glutamine, copolymers of N- 
hydroxyalkyl-L-asparagine and N-hydroxyalkyl-L-glutaniine with other amiiio acids. 
Suggested amino acids include L-alanine, L-Iysine, L-phenylalanine, .L- valine, L-tyrosine, 
and the like. 



19 



wo 02/058670 



PCTAJS02/02461 



In additional embodiments, the controlled release material, which in efTect acts as a 
carrier for the local anesthetic, can further mclude a bioadhesive polymer such as pectins 
(polygalactuionic acid), mucopolysaccharides (hyaluronic acid, mucin) or non-toxic lectins 
or the polymer itself may be bioadhesive, e.g., polyanhydride or polysaccharides such as 
chitosan« 

In embodiments where the biodegradable polymer comprises a get, one such useful 
polymer is a tiiermally gelling polymer, e.g.» polyeOiylene oxide, polypropylene oxide (PEO- 
PPO) block copolymer such as Pluromc® F127 fiom BASF Wyandotte. In such cases, &e 
local anesthetic formulation may be ixijected via syringe as a fieerflowing Uquid, which gels 
rapidly above 30 ''C (e.g., when injected into a patient). The gel system then releases a steady 
dose of local anesthetic at be site of administfaition. 

IVBarosDheres 

In certain embodiments of the invention, microspheres are manufactured using a 
method that evenly disperses the local anesthetic throughout the fomiulation, such as 
emulsion preparation, solvent casting, spmy drying or hot melt, rather than a method such as 
compression molding. In certain preferred embodiments the microspheres are manu&ctured 
using a method that causes the local anesthetic to be concenttated toward the center of the 
microspheres, i.e., to form microcapsules. In certain embodimeiits it would be acceptable to 
have the local anesQietic concentrated toward the outside of the microspheres. 

In certain preferred embodiments of the invention, the substrate comprises a plurali^ 
of microcq>sules laden witii the local anesthetic agent with or without an aiigmenting agent 
Microcq)sule8 may be prepared, for example, by dissolving or dispersing the local ane^hetic 
agent m an organic solvent and dissolving a wall fonnipg material (polystyiene, 
alkylcelluloses, polyesters, polysaccharides, polycaibonates, poly(meth)acrylic acid ester, 
cellulose acetate, hydxoxypropylmethylcellulose ph&alate, dibutylamiiiohydroxypiopyl ether, 
polyvinyl butyral, polyvinyl formal, polyvinylacetal-diefliylamino acetate, 2-mefliyl-5-vhiyl 
pyridine meihaciyliate-metiiaciylic acid copolymer, polypropylene, vinylchloride-vinylacetate 
copolymer, ^ycerol disteaiate, etc.) in the solvent; then disposing the solvent containing tiie 
local aneslhetic agent and wall forming material in a continuous-phase processing medium. 
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and then evaporating a poiticm of the solvent to obtain microcapsules containing the local 
anesthetic agent in suspension, and, finally, extracting the remainder of the solvent firom the 
microcapsules. This procedure is described in more detail in U.S. Patent Nos. 4,389^30 and 
4^30,840. 

In the case of polymeric materials, biocompatibility may be enhanced by 
recrystallization 6f either the monomers forming the polymer and/or the polymer using, 
standard techniques. 

A desired release profile can be achieved by using a given polymer molecular weigjit 
and hydrophilicity, a mixture of polymers having different release rates, and/or different 
percent loading of local anesthetic and/or augmenting agent, for example, local anesthetic and 
or augmenting agent releasing in one day, three days, and one week. In addition, a mixture of 
microspheres having one or more dififerent local anesQietic agents, having the same or 
different controlled release profile, can be utilized .to provide die benefits of different 
potericies and spectrum of activity during the course of treatment 

The.microspheres are prefembly manufiictured in a size distribution range suitable for 
local infiltration or injectioa The diameter and shape of the microcapsules^ microspheres or 
otbst particles pan be manipulated to modify the release characteristics. For example, larger 
diametor microcapsules or microspheres will typically provide slower rates of release abd 
reduced tissue pienetration and smaller diameters of microcapsules or microspheres will 
produce the opposite effects, relative to microspheres of different mean diameter but of die 
same composition. The mean diameter of injectable microcapsules or microspheres is in a 
size range, for example, fixmi about S microns to about 200 microns in diameter. In a more 
preferred embodiment, tiie microcapsules or microspheres range in mean diameter from about 
20 to about 130 microns. 

Other particle shapes which may be used to prepare the local anestiietic formulations 
of the invention, such as, for e?uimple, cylindrical shapes, can also modify release rates by 
virtue of the increased ratio of sur&ce area to mass inherent to such alternative geometrical 
shapes, relative to a spherical shape. 
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The polymers used in certain preferred embodiments of flie present invention, 
particularly poly(lactide co-glycolide) (referred to herein as TLGA*% preferably have a 
molecular weight fiom about 5 Idlodaltons QcDa) to about 200 kDa. Preferably the molecular 
weight is fiom about 20 kDa to about SO kDa. Ihe inherent viscosity of the preferred 
polymeric materials is fiom about 0.19 to about 0.7 dl/g, and most preferably fiom. about 0.2S 
to about 0.43 dl/g. In certain preferred embodiments, these polymers are acid-teiminated with 
carboTcylic acid. In certain prefeired embodiments, the polymer used in the microspheres is a 
poly(lactide co-glycolide) wherein the ratio of lactic acid to glycolic acid is fiom about 75:25 
to about 50:50, preferably 65:35. In certam preferred embodiments, &e polymer is a 65:35 
DL copolymer of lactic and glycolic acid (inherent viscosity fiom about 0.25 to about 0.42 
dUffj molecular • weight approximately 40 kDa with fiee caiboxyl groups). In certain 
preferred embodiments, tfie local anesthetic incorporated in the polymer is bupivacaine base. 

The local anesthetic is preferably incorporated into the inicrospl^eres in a percent 
loading between 0,1% and 90% or more, by weight, preferably between 5% and 80%, or 
more, by weight 

and more preferably between 65 and 80%, or more, by weight In an even more 
preferr^ embodiment, the local anesthetic is loaded at about 70-75% by weight 

DifEiisional release of tiie local anes&etic fiom the microspheres of the present 
invention can be altered in a number of ways including modification of polymer propertibs 
(molepular weight (MW)i comohonier ratio and hydrophilicity), increasmg matrix porosity 
via altering process parameters or tl|iough flie addition of poroso^sns (inorganic salts and 
polyethylene glycol), and increasiifg dissolutioii late/solubility of the dmg. 

« 

DiffiiSivityofaMairix 

Difiusion through a sphere has been mathematically expressed through modification 
ofFick's First law as 

dt Th 
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The flux (^) of a drug fluough die polymer matrix is dependent on diffusion 

coefiBcient (D), the porosity of die matrix (e), the solubility of die drug in the release media 
(Cs)^ die radius of the matrix (R), die spherical boundary layer surface (r), the distance the 
drug must travel to reach the surface (h) and the tortuosity (T). As evidenced by Eq. 1» die 
options for changing the difiiisional release without changmg die properties of die dmg can 
be controlled by increasing the porosity (decreasing tortuosity) of die matrix, changing the 
radius of die spheres (particle size), and decreasing the MW of the polymer (increasing D). 

In certain preferred embodiments, the microspheres are porous microcapsules. In such 
cucumstances, die difiusivity fiom die microcapsules may be better characterized by 
equation2: 

The flux (^) of a drug. through die polymer matrix is dependent on difiKision 

coefiBcient (D), the porosity of die matrix (e), die solubility of die drug in die release media 
!((^, the spherical boundary layer sur&ce (r), the distance die dmg thust travel to reach tiie 
sm&ce (h) and the tortuosity (I)* As evidenced by equation 2, the options for changing tiie 
difiBiisional release without changing die properties of die drug are Umited to increasing the 
porosity (decreasmg tortuosity) of the matrix, changmg die diickness of the encapsulating 
polymer shell (decreasing h) and increasing the q>herical sur&ce area (r). 

Change of Polymer Properties 

Polymer properties such as molecular weight (MW), comonomer ratio and type of 
polymer end group can all play a role in determming die structure of die encapsulating shell 
and in drug diffusion through the shell. As hydration of the encapsulating sheU matrix 
increases, so does the rate of diffusion through deceased tortuosity (difiusional resistance) in 
the swollen matrix and increased dissolution and transport 

Polymer MW can be used to manipulate the release profiles. In general, polymers 
with lower MW produce increased release due to formation of an encapsulating shell having 
greater porosity (decreased tortuosity) and increased flux. 
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Comonomer Ratio 

Cbmonomer ratio is another important property of the polymer, which can be used to 
modify release patterns. Because lactic acid is more hydrophobic than glycolic acid, 
decreasing the lactic acid content can increase matrix hydrophilicity and increase hydration of 
the matrix (with concomitant tortuosity decrease)'. Modification of die cbmonomer ratio can 
sigoificantly inQ)act ttie efficacy of 1^ 

End Group 

PLGAs are terminated with either an ester or a &ee carboxylic acid depending on the, 
nature of the synthesis process. The carboxylic acid-terminated polymers are more 
hydrophilic in nature due fp the ionizable functionality. These polymers hydrate more rapidly 
leading to more rapid degradation when compared to the less hydrophilic ester-terminated 
polymers. The more hydrophilic polymers also yield a more porous encapsulating shell, 
lliese effects are more prominent with the lower MW polymers as the contour length to end 
group ratio is smaller. In &e higher MW polymers, changing the end groups has less effect as 
the physio-chemical properties bf the polymer are dominated by the polymer backbone. 
Further, the rapid hydration of hydrophilic polymers should result in faster dissolution of 
b^ivacaine and a faster release rate ttuougji the polymer shell matrix. 

A related pheuoknenon tibat inay increase the dissolution of the drug is fftie 
microeiivironmental effect This refers to the possibility of a lowered pH environment in fiie 
microspheres when usmg Ifae . lower MW hydrophilic PLGA. The lowered pH results finom 
icmization of carboxylic acid residues imtially present Such a localized acidic environment 
may aid in dissolution of bupivacaine base and thereby increase its release rate* 

Polymer blends 

Polymer blending offers ano^er potential possibility for altering release. Polymer 
blending Will modify die release profile while keeping the drug encapsulated. 

Porosogens 

'Another possibility in increasing diffusion through die encapsulating shell matrix is to 
increase porosity. Porosog^ can be added to the formulation to &cilitate pore formatioa A 
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variety of possibilities exist which include itiorgaiuc salts and water soluble polymers such as. 
polyefliylene glycol. 

Imrgmic Salts as Porcsogens 

Calcium chloride is soluble in e&yl acetate and dieiefore can be used directly in the 
organic phase without jeopardizing the inline sterile jfiltration. In addition to CaCU; NaCl, 
citrate and ascorbate can be used to increase porosity. Polyethylene glycol (PEG) is a water 
soluble polymer which can be useid to induce potosify. PEGs are available in a wide range of 
MW ensuring versatility in their implemeiitatioa Useful PEGs include, e.g., PEGs of MW 
8000 and 4600. . 

Other Techniques to Alter Release Rate 

The salt form of local anesthetics (e.g., bupivacaine HCl) has a better aqueous 
solubility than the base (e.g., bupivacaine base). This tends to increase the dissolution rate of 
the encapsulated drug and thereby increase the release rate. The addition of bupivacaine HCl 
to bupivacaine base can also result in the drug substance being a porosogen. . 

DrugLoad 

To avoid a burst release, decreased duraticm of action or a toxicology concern, e.g., 
when shifting to a lower MW polymer, one may decrease the drug loading in the 
microspheres. 

Rate of Solvent Extraction 

Hie rate at which. the solvent is removed fixmi the microspheres may influence the 
morphology olTthe microspheres (see the method of manu&cture set forth below). Rnnoving 
the solvent at a rapid rate produces microspheres with a veiy porous internal stmcture while 
removmg the solvent slowly results in an intenud cavity devoid .0^ 

Methods of Manufacture o f Microspheres 

In certain preferred embodiments, the local anesthetic formulations are piepaied 
during the manufacture of microcapsules containing the^ drug. The formulations may be 
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prepared as a plurality of microcapsules laden wifii &e local anes&etic agent with or wiftout 
tiie augmenting agent. 

In prefened embodiments of liie invention^ die local anesthetic microsphere 
formulations are piq)ared by (i) forming an ''oil-in-watei^ emulsion fiom an aqueous solution 
containing a sui&ctant and/or diickenmg agent (process water) and an organic solvent (oil) 
containing bupivacaine base mw material and a biocompatible, bioerodable polymei^ (ii) 
removing flie solvent following emulsification, via the u^ of an aqueous quench, allowing 
die microcapsules laden with the local anesthetic to form and harden. In certam preferred 
embodiments, &e aqueous phase is prepared by adding a suitable quantity of polyvinyl 
alcohol (PVA) to water, heating to dissolve the PVA, and thereafter adding a suitable 
quantity of ethyl acetate to form die process water (aqueous phase) of die emulsion. In certain 
preferred embodiments, the organic phase is prepared by dissolving the polymer in a suitable 
solvent and diereafter adding the bupivacaine base and mixing until dissolved: • 



In embodiments where an augmentuig agent is included in the microcapsules, die 
augmenting agent can also be added to die organic phase before or after the addition of die 
local anesthetic. In certain preferred embodiments, the augmenting agent is dexamediasone, 
which is added to the organic solvent prior or subsequent to the addition of bupivacaine base. 

.Microcapsules may also be prepared, for example, by dissolving or dispersing the 
local anesdietic agent in an organic solvent and dissolving a wall forming material 
(polystyrene, alkylcelluloses, polyesters, polysaccharides, polycarbonates, poly(medi)acrylic 
acid ester, cellMlose acetate, hydrojcyprppylmethylcellulose phthalate, 
dibutylammbhydroxyprapyl edier, polyvinyl butyral, polyvinyl formal, polyvinylacetal- 
diethylamino atetate, '2rinediyl-S*vinyl pyridine mediacrylate-mediacrylic acid copolymer, 
polypropylene, vinylchloride-vinylacetatB (copolymer, glycerol distearate, etc.) in die solvent; 
dien dispersing the solvent containing the local anesdietic agent and wall forming material in 
a continuous-phase processing medium, and dien evaporating or extracting a portion of the 
solvent to obtain microcapsules containing die local anesdietic agent as an encapsulated 
suspension, and finally, extracting die remainder of the solvent fix)m die microcapsules. This 
procedure is described m more detail in t7.S. Pat^t Nos. 4,389,330 and 4,S30^840. 
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Me&ods for manufacture of microcapsules and microspheies are well known and are 
typified in ttie appended examples.' Examples of suitable me&ods of making microcapsules 
and/or microspheres include solvent extraction, solvent evaporation, phase separation and 
fluidized bed coating. 

In solvent extraction/evaporation procedures, the local anesthetic agent, if soluble in 
organic solvents, may be entrapped in the biodegradable polymer by dissolving the polymer 
in a* volatile or water soluble organic solvent, adding the drug to the orpnic phase, 
emulsifying fhe organic phase in water which contains less than 2% polyvinyl alcohol, and 
finally removing the solvent under vacuum, or by addition to a large excess of water, to form 
discrete, hardened monolithic microspheres. 

Phase separation microencapsulation procedures are suitable for entraining water- 
soluble agents in die polymer to prepare microcapsules and microspheres. Phase separation 
involves coacervation of the polymer from an organic solvent by addition of a nonsolvent 
such as silicorie oil. Microcapsules/microsph^s may be prepared by the process of 
Samstack et al., as described in WO 95/13799, the disclosure of which is incorporated herein 
in its entirety. Hie Ramstack et aL process essentially provides for a first phase, including an 
active agent and a pblymer, .and a second phase, that are pumped ihrougih a static mixer into a 
quench liquid to form microparticles containing the active agent Tlie first and second phases 
can optionally be substantially immiscible and the second phase is preferably fiee from 
solvents for the polymer and the active agent and includes an aqueous solution of an 
mulsifier. 

. Jn fluidized bed coating, tiie dmg is dissolved in an. organic solvent along with die 
polymer. The solution is then processed, e.g., tiirougb a Wurster air suspension coating 
apparatus to form the final microcapsule product . , 

Implants 

The biodegradable sustained release materials may be used to' prepare controlled 
release local anesthetic implants. The implants may be manutactured, e.g., by compression 
molding, injection molding, and screw extrusion, whmby die local anestiietic agent is loaded 
into the polymer. Implantable fibers can be manufactured, e.g., by blending the local 
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anesfhetic agent v/iVx the sustained release material and then extruding die inixtuie, e.g., 
under pressure, to thereby obtain biodegradable fibers. In certain preferred embodiments, the 
augmenting agent may be incorporated into the implant, or may be coated onto a surface of 
the implant 

PelietSi slabs or solid formulations shaped to fit particular locations, e.g., articular 
jointsV inay be surgically placed into a site wheiei lelease of anesiiietic agent is desired. 
Sustained release gels, pastes or suspensions, including gels, pastes or suspension containing 
microparticles, may also be administered to obtain localized anesthesia. For treatment of joint 
pain of the back or neck, the dosage form may be administered by intra-articular iiyection 
into one or more &cet joints. 

Other Fprmulations 

Certain fonnulations may comprise a non-polymeric composition for in situ formation 
of a solid matrix in a human or an animal, for example the formulations described in U.S. 
Patent Nos. 6^120,789 and 5,990,194. Such compositions are composed of a biocompatible, 
non-polymeric material and a phaimaceutically-acccptable, organic solvent, and are 
biodegradable and/or bioerodible, and substantially insoluble in aqueous or body fluids. The 
organic solvent component solubilizesi the non-polymeric material, and has a solubility in 
water or other a^ieous media ranging from miscible to dispecsible. When placed into an 
implant site in an animal or a hiunan, the non-polymeric composition eventually transforms 
into a solid structure. 

In certain other formulations, such as those described in U. S. Patent No. 5,747,058, a 
composition for fte controlled release of substances is provided that includes: (i) a non- 
polymeric, non-water soluble high-viscosity liquid cmier material (HVLCNQ of viscosity of 
at least 5,000 cP at 37.d6gr66. C. that does not crystallize neat under ambient or physiological 
condition^- and (ii) a substance to be delivered. The HVLCM may be mixed with a viscosity 
lowering water sohible or miscible solvent such as ethanol, dimefliylsulfoxide, ethyl lactate, 
ethyl acetate, benzyl alcohol, triacetm, N-methylpyrrolidone, propylene carbonate, 
gJycofuroU ireons such as trichlorofluoromethane and dichlorofluoromethane, dime&yl ether, 
propane, butane, dimethyl formamide, dimethyl acetamide, diethylene carbonate, butylene 
glycol, N-(bete-hydipme1fayl)lactamide, dioxolanes^, and other amides, esters, ethers. 
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alcohols, to fonn a lower viscosity liquid earner material (LVLCM), which is mixed with the 
substance to be delivered, prior to administiatioiL The LVLCM preferably has a viscosity less 
than 1000 cP, and more particularly less than 200 cP, and is useful for in vivo applications. 
On administration, the composition is placed into the body or on a surface, and the solvent 
dissipates or difiuses away from the LVLCM, forming in-sitii a highly viscous implant or 
composition that releases the substance over time. By appropriate selection of the solvent and 
the HVLCM, a wide variety of pre- and post-administration composition viscosities can be 
achieved. The HVLCM as described herein is biodegradable. The HVLCM significantly 
decreases in viscosity when mixed with a solvent to form a LVLCM that can be mixed with a 
substrate for controlled deliveiy. The LVLCM/substrate composition is typically easier to 
place in die body dian a HVLCM/substrate compositioii, because it flows more easily into 
and out of syxingds or other implantation means, and can easily be formulated as an emulsion. 
In certain instances, sucrose acetate isobutyrate ("SAIB"), a sucrose molecule esterified with 
two acetic acid and six isobutyric acid moieties, is used as the HVLCM. SAIB is orally non- 
toxic and is currently used as to stabilize emulsions in the food industry. It is a very viscous 
liquid and has an unusual property that there is a draxnatic change in viscosity with small 
additions of heat or with the addition of solvents. It is soluble in a large number of 
biocompatible solvents. When in solution or in an ^iiision, SAIB can be applied via 
iigection or an aerosol spray. SAIB is compatible with cellulose esters and other polymers 
that can affect die rate of delivery of the substance. In other iristances, the HVLCM can be 
steaiate esters such as those of propylene glycol, glycoyl, dielfaylaminoefliyl, and glycol, 
stearate amides and other long-chain &tly acid amides, such as N j*I'-ethylene distearamide, 
stearamide MEA and DBA, ethylene bistearamide, cocoamine oxide, long-chain &tty 
alcohols, such as cetyl alcohol and stearyl alcohol, long-chain esters such as niyristyl 
myristate, beheny erucate, and glyceryl phosphates.. In another instance, the HVLCM is 
acetylated sucrose disteaxate (Crodestit A-10). The HVLCM is present in fiie composition in 
any amount that achieves the desired affect For example, as a tissue. coating or for the 
prevention of adhesions, die HVLCM can be used alone as a protective fifan or bolus, or wifii 
a substrate that enhances the properties or effect of the material The HVLCM is typically 
present in controlled delivery compositions in an amount in the range fiom about 99.S 
percent to about 10 percent by weight, more typically, between 95 and 25 percent, and most 
typically, between 85 and 45, relative to the total weight of the compositiorL 
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In other embodiments of the invention, fbe controlled release material comprises an 
aitificial lipid vesicle, or liposome. Tbe use of liposomes as drug delivery systems is known, 
and compxehensive review atticles on fheir properties and clinical applications are available; 
see, e.g., Barenholz and Amselem, in " Liposome *f echnologv ". 2nd ed., G. Oregoriadis, ed., 
CRC Press, 1992; Lichtenbeig and Barenholz, in Mefliods for Biochemical Analysis, 33, D. 
Click, ed., 1988. A Uposome is defined as a structure consisting of one or more concentric 
lipid bilayers separated by water or aqueous hnff&r compartments. These hollow structures, 
which have an internal aqueous compartment, can be prepared with diameters ranging txm 
20 nm to 10 ^m. Hiey are classified according to dieir final size and preparation method as: 
StfV, small unilamellar vesicles (20*50 nm); LUV, large unilamellar vesicles (100 nm); 
REV, reverse phase evaporation vesicles (6.5 ^m); and MLV, large multilamellar vesicles 
(2:10 »im). • 

Liposomes as described herein will vary in size. Preferably, the liposomes have a 
diameter between 100 nm apd 10 microns or greater. A wide variety of lipid materials may be 
use$| to form the liposomeis mcludiiig natural lecithins, e.g., those derived bom egg and soya 
bean, and synthetic lecithins, the pipviso being that it is preferred that the lipids are non- 
immunoganic and bio-d^gradable. Also, lipid-based ibaterials fonhed in combination with 
polym^ may bejused, such as those described in U.S. Patent No. 5,188,837 to Domb. 

Qcamples of synthetic lecitiiins which .may be used together with their respective 
phase traiisition tempenftures, are di-(tetradecanoy)phosphatidylcholine (DTPC) (23 **C), di- 
(h6xadecanoyl)phosphatidylchol]ne (DHPC) (41 ^C) and di-<octandecanoyl) 
phosphatidylcholine (POPC) (SS ^C). Di-0iexadecanoyl) phospbatidycholine is preferred as 
tiie sole or inajor lecithm, optionally together witii a minor proportion of the di- 
(octadecanoyl) or the di-(tetiadecaiioyl) compound. Otiier synthetic lecithins which may be 
used are unsaturated synthetic ledtiiins, for exanq)Ie, di-(oleyl)phosphatidyl-choline and di- 
(linoleyl)phosphatidylcholine: In addition to tiie .main liposome-fomung lipid or lipids, which 
are usually phospholipids, other lipids (e.g. in a proportion of 5-40% w/w of the total h^ids) 
may be included, for example, cholesterol or cholesterol stearate, to modify the structure of 
the liposome membrane, rendering it more fluid or more rigid depending on the nature of the 
main liposome-forming lipid or lipids. 
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In certain embodiments, the augmenting agent is incotpoiated along witii tiie local 
anesthetic agent into the lipid In oflier preferred fonnulations, the lipids containing the local 
anesthetic agent axe dispersed in a pharmaceutically acceptable aqueous medium. The 
augmentnig agent may be incorpomted into fliis aqueous^ medium. In a further embodiment, a 
portion of the dose of the local anesthetic is incorporated into the aqueous medium in 
immediate release form. The resultant formulation is an aqueous suspension which may 
comprise the local anesthetic and/or augmenting agent partitioned between a free aqueous 
phase and a liposome phase. 

As an even further alternate embodiment, liposomes containing local anesthetic may 
be combined in an aqueous phase where liposomes contaiiiing the augmenting agent to form 
an aqueous pharmaceutical suspension useful for administration at the desired site in the 
patient to be anesthetized. This may be accomplished via injection or implantation. 
Liposomes may be prepared by dissolving an appropriate amount of a phospholipid or 
mixture or phospholipids together wi^ any other desired lipid soliible components (e.g., 
cholesterol, cholesterol stearate) flowing in a suitable solvent (e.gi, ethanol) and evaporating 
to dryness. An aqueous solution of the local anesthetic, bptionaliy with augmenting agent, 
may then be added and*mix;ed until a lipid film is dispersed. The resulting suspension will 
contain liposomes ranging in size, which may then fractionated to remove undesirable sizes, 
if necessary. This fractionation may be effected by cohmm .gel chmmatography, 
centrifiigation, ultracentrifugation or by diatysis, as weU known in the art The above metiiod 
of preparation of liposomes is representative of a possible procedure ozdy. Those skilled in 
the art will appreciate that ttiere are many different metiiods of preparing liposomes, all of 
which are deemed to be ratcompassed by the present disclosure. . . 

Applications 

Potential applications include any condition for winch localized nerve or neural 
element blockade is desirable, including both local anesthesia and/or local analgesia, motor 
blockade, and local anesthesia for other medical piurposes. Uses include preoperative, 
intraoperative and postoperative administration to reduce pain during and after an operation 
or procedure. The ben^ts are especially significant for plastic surgical procedures and 
procedures necessitating, intense analgesia where prolonged local analgesia will reduce 
. potential morbitities and enhance and improve outcome. 
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Additional applications include use in trauma patients where tissue damage has 
occuiied as a tesult of laceration, broken bones or cormective tissue strains and tears. Uses 
may also include treatment .of pain due to snake or insect bite, or for pain due to medical 
conditions such as pancreatitis or kidney stones. These formulations can also be used for fhe 
management of various forms of persistent pain, such as postoperative pain, sympatiietically 
mamtained pain, complex regional pain syndrome, neuropathic pain and other forms of 
chronic pam. The aforementioned applications of the methods of the invention are merely 
mentioned as examples, and additional applications for both human and veterinary prac^tice 
will be immediately apparent to the artisan. 

Local Anesthesia may be used to block pain by targeting q)ecific naves, as described 
in Zenz, Fanhans, Niesel, Kreuscher, Regional Anesthesia. Year Book Medical Publishers, 
Inc., Chicago (1988) and Adriani/ Labaf a Redomd Anesthesia. Warren H. Green, inc., St 
Louis, (1985), both of which are incorporated by reference herein in tiieir entireties. Before, 
during or aft^ surgery, pain m^y be blocked using local anesthetic agents (existing in a 
number of forms mcludiiig EbjLA) applied by. various techniques known in the art to the 
fpllowmg areas of the body: Siiperficial and/or Deep cervical plexus block in the neck, the 
Brachial nexus by interscalene^ supraclavicular, infraclavicular, and axillary approaches, the 
musculocutaneous nerve in the ifpper extremity, nerves in the elbow region (ubiair nerve, 
median nerve, radial nerve, lateral antebrachial cutaneous nerve); the nerves in the wrist area 
(ulnar, median, radial); the Lumbosadtal Plexus (Psosas compartment, Lunibar plexus. Sciatic 
nerves: common peroneal nerve, superficial and deep peroneal nerves, anterior tibial nerve,, 
sura) nerve, an^or tibial nerve, musculocutaneous nerve, Tibial nerve); Knee jomt nerves, 
(common peroneal, tibial, saphenous); Lumbar Epidural, Cervical, Thoracic and Lumbar 
Spinal nerve roots. Intercostal nerves. Thoracic Spina^l nerves, Spinal Accessory nerve, 
hypoglossal nerve; lateral femoral cutaneous nerve, suprascapular nerve femoral nerve. 
Obturator nerv^, sacral nerves; I^airacervical and Pudendal blocks in Obstetrics. 

The following are the neryes susceptible to blockade in the area of pain therapy, 
specifically Sympathetic blockade: Stellate ganglion. Celiac plexus, Lumbar sympathetic, 
splanchnic rierves, vagus x^erye. The head area includes: The Oassm 
sphenopalatine ganglion, posterior superior alveolar nerve, infraorbital and anterior superior ' 
alveolar nerves, inferior alveolar nerve, lingual nerve, superior laryngeal nerve, inferior or 
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recunent laiyng^ nerve, blanches of pphthalim 

nasociUary), mandibular nerve, ethmoidal nerve, mental nerve, lingual nerve, facial nerve, 
glossophaxyngeal nerve, the supzaoibital and supratrochlear nerves; The maxiUaiy nerve and . 
palatine nierves; infiraorbital, mental, occqntal nerves, myo&scial tdggsi points and 
intercostal block (blockade of die thoracic spinal roots, dorsal branch, ventral branch at angle 
of rib, ventral branch in posterior axillary line; dorsolateral intercostal block). Inguinal and 
Iliohypogastric nerves; cervical plexus; phrenic nerve; Peridural block (segmental, 
continuous jspidural block, caudal and subarachnoid block), neuiaxial block. 

In certain embodiments, the formulation comprises microcapsules comprised of local 
anesthetic (e.g., bupivacaine) and a biocompatible, biodegradable polymer. In certain 
preferred embodiments, the polymer is a poly(lactide-co-glycolide). In certam preferred 
embodiments, the polymer is a 65:35 DL copolymer, of lactic apd glycolic acid having an 
inherent viscosity bom about 0.25 to about 0.42 dUg and a molecular weig}it of about 
40kDa. In other prefoted embodiments, the formulation comprises microspheres comprising 
the local anesthetic, optional augmenting agent, and a polymer such as 65:35 DL copolymer 
of lactic and glycolic acid having a molecular Wght fibm about 40 kDa to about 120kDa. la 
certain other embodiments, the molecular, weight of the polymer is. about 120kDa. In bther 
embodiments, the formulation includels a mixture of microspheres utilising polymers of 
different molecular wdglits, e.g., fiom about 20 kDa to ab^^ 

. In certain preferred embodiments where the formulation is used for subcutaneous or 
mtramuscular injection, the formulation provides a concentration of bupivacaine free base 
from about 2.25 mg/ml to about.36.0 mgfwl and provides a unit dose of bupivacaine free basci 
from about 22.5 mg to about 360 mg, said formulation providing an onset of local analgesia 
and/or local anesthesia at the rite of administration which occurs less tiian about 2 hours after 
administration, and a duration of efifect which lasts for at least about 2 days after 
admimstratioa In certain preferred embodiments where the formulation is used for 
subcutaneous or intramuscular injection, the fonhulations and methods include microspheres, 
e.g., in the medium at a concentration of about 6.25 mg/ml with about 16 ml of said medium 
at a strength of about 4.5 mg/ml of bupivacaine. In certain other preferred embodiments, the 
foimulations and methods furtiier comprise microspheres contained in the medium at a 
concentration of about 12.5 mg/ml with about 8 ml of said medium at a strength of about 9 
mg/ml bupivacaine. In certain preferred embodiments where the formulation is used for 



33 



wo 02/058670 



PCtAIS02/02461 



subcutaneous or mtramuscular injectioii, fte formulations and me&ods fiirther comprise 
dexameffaasone, e.g., at a concentration fiom about 2.5 mcgfnd to about 10.0 mcg^ml. 
dexamelbasone. In certain preferred embodiments^ tfie formulations and metiiods include 
inicrospb^ at a concentration of about 2S.0 mg^ml with about 4 ml of said medium at a 
strenglli of about 18 mg^ml bupivacaine. 

Methods of Admintstratlon 

The formulations of the present invention preferably provide an extended duration of 
effect in tiie localized area to be treated. For example, it would be desirable that such a 
formulation provides localized analgesia, localized numbness (anesthesia), or localized pam 
relief to tiie site of administration for a period of one day, two days, three days, or longer. The 
formulations can therefore, of course, be modified in order to obtain such a desired result. 

The formulations of the present invention may be administered by injection,^ 
infiltration or mfusion, which includes but is not limited to infiltration into muscle, facial, 
subcutaneous and cutaneous tissue of incisional or damaged (e.g., lacerated) tissue. Intra- 
articular administration is also contemplated. These applications may be post-s^urgical (e.g., 
incisions including laparotomy and laparoscopy) and post-trauma (e.g., laceration). Specific 
indications could include infiltration in tissue approximating surgical incisions for hernia 
repair, iliac crest hai^ryest site, breast surgery, C-section, episiotomy and general abdominal 
ixicisions (cholecystectonsy, colon resectionytepair, gastric repair, eto^^^ 

Hie microspheres and other iigectabliB substrates described herein may be 
incoiporated into a pharmaceutically acceptable vehicle (e.g., water) to prepare a suspension 
for injection. The final reconstituted product viscosity may be in a range suitable for the route 
of administration. In certain instances, the final reconstituted product viscosity may be such 
that would be considered suitable for subcutaneous or intramuscular injection at the desired 
site, e.g., about 5A5 cps, preferably about 8-12 cps. A preferred diluent for microspheres 
contains approximately 5% maimitol or 0.9% sodium chloride to maintain isotonicity; txm 
about 0.01% to about 0.5% Polysorbate 80 (or Polysorbate 20) as a dispereant; and 6om 
about 0.5% to about 3.0%' sodium carboxymethylcellulose (or methylcellutose) for the 
desired viscosity. 
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The microspheres of flie invention are piefeiably incoq)piated into a unit dose in a 
size range suitable for injection into a desired site of administration by injection, infiltration, 
infiision and the like. For administration by injection and/or infiltration or infiision» the 
fomulations according to die invention may. be suspended (e.g.» for microspheres), or 
dissolved (e^g., for immediate release local anesflietic components of tiie formulations), in 
any art*known vehicle suitable for microsphere dispersion and suspension, and subsequent 
injection and/or infiltration or infusion. Such vehicles include, simply by way of example, 
isotonic, buffered or unbuffered vehicles containing suitable surfactant and thickening agents 
and the like, and may optionally include any other art known ingredients or agents, e.g.,. 
colorants, preservatives, antibiotics, epinephrine, and other art known ingredients. A more 
complete listing of ait-known vehicles for administration of formulations by systemic 
adminishBtion and/or local injection and/or infiltration is provided by reference texts that are 
standard in the art, for example, REMINGTONS PHARMACEUTICAL SCIENCES. 16th Edition, 
1980 and I7th Edition, 1985, both published by Mack Publishing Company, Easton, 
Pennsylvania. 

In a preferred method of administration, the microspheres are administered by 
injection mto a site where local anesthetic agwt is to be released. Such administration may be 
accomplished using a syringe and needle or a trochar. The formulation described hmin can 
also be used to administer local anesthetic agents diat produce modality-specific blockade, as 
reported by Schneider, et al., AAesfliesioloyv, 74:270-281 (1991), or fhat possess physical- 
chemical attributes that make tfaem more usefiil for sustained release than for single mjecttoii 
blockade, as reported by Masters, et al., Soc. Neurosci. Abstr.. 18:200 (1992), the teachings 
of which are incorporated herein. 

A suspension of microspheres prepared in a form suitable for . subcutaneous iiijection 
can be injected using methods well known m die art The use of a needle is acceptable. The 
chosen needle is one Oat is small m t>bre Qsoffi) gauge as possible, and as long as is 
necessary. Commonly, for subcutaneous administration, a 20-23 gauge, I'' needle is used. For 
the microparticles used in die present mvention, one should allow for increased bote size 
(e.g., up to 18 gauge). This also allows for the puncturing needle to be removable, being 
encased in a plastic infusion catheter For some procedures, ''skinn/' needles may be used. 
Such needles have the same bores but are longer, and hence look **skinny/* For locations such 
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as pericaxdial, the gauges for the sldimy needle are fhe same but 1be needles may be up to 3-4 
inches long. 

' Micioparticles (e.g., microcapsules) according to the invention that are suitable for 
deposit at a site in a patient in need of local anesthesia or analgesia can optionally be 
prepared in lyophilized form, e.g., for rehydration prior to use. Ihe fonnuiation, e.g., in die 
fonn of lyophilized particles is also desirably prepared in unit dosage form that is sterilized 
and provided in a contamer including an amount of such lyophilized particles sufficient to 
induce prolonged local anesthesia in at least one patient upon suspension in a solution 
acceptable for deposit into a patient 

Local Anesthetics 

Local anesthetic agents which may be included in the formulations and methods of 
the present invention include, shnply by way of example, bupivacaine, ropivacaine, 
dibucaine, procaine, chloroprocaine, prilocaine, mepivacaine, etidocaine, .tetracaine 
(including but not limited to N-butyl tetracaine), lidocaine (mcluding but not limited to 
beta-phenylethyl lidocaine), efliyl aminobenzoic acid, oxyburocaine, oxesazeine, 
benzoxazinate, propaiacaine, benzocaine, butamben, halothane, isofluxane, enflurane, 
methoxyflurane xylocaine and the normal crystalline forms of bupivacame, as well as 
anesthetically active derivatives, analogs and mixtures thereof. The local anes&etic can be in 
the form of a salt, for example, the hydrochloride, bromide, acetate, dtrate,' carboria or 
sul&te. More preferably, fhe local anesdietic agent is in die form of a fiee base. A preferred 
local anesdietic agent is bupivacaine fiee base. 

In certain embodiments, the bupivaciSne fiee base comprises one or more crystalline 
bupivacaine polymorphs. In certain preferred ' embodiments, die microspheres are 
microcapsules which contain crystalline polymorphs of bupivacaine. Comparison of the X- 
ray diffiaction pattern of the bupivacaine base raw material widi fhe altered crystal form of 
bupivacaine in microspheres shows diat diere is a difference in the diflBaction patterns. Major 
differences are observed at *^Theta of approxhnately 7.5, 12.5 and 20). Hie melting 
transition of bupivacaine base (as shown in the DSC thermograms) has been identified herein 
as. 107.6** C for bupivacaine base (raw material). The melting transitions for die crystalline 
bupivacaine polymorphs have been identified as 94.4** C and 100.8*' C, cbxrespondiiig to at 
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least tv^o polymorphs. Powder X-iay difGraction of such cxystaUine polymorphs of 
bupivacaine provides a peak of about 400 to about 600 counts/s (preferably about SOO 
counts/s) at "^Theta of fix>m about 7 to about 9; substantially no peak at ^Theta of about 
12.S (e.g., about 100 counts/s); and a peak fiom about 1300 to about 1 SOO counts/s at "^Tbeta 
of about 20 to about 21. This is diffsrentiated fiom substantially no peak (e.g., about 0 / 
counts/s) at **2Theta of from about 7 to about 9; a peak of about 700 counts/s at *2Theta of . 
about 12.5 (e.g., about 100 counts/s); and a peak of about 750 counts/s at °2Theta between 
about 19 and 20, with substantially no peak (e.g:, 200 counts/s) at °2Theta between 20 and 
21, for the bupivacaine raw material. 

The novel crystalline polymorph(s) of bupivacaine of the inventioh may also be 
characterized as exhibiting essentially the following x-xay diffraction properties set forth m- 



Table 1: ' 

TABLE 1 

X-ray Diffraction Properties of Bupivacaine Polymorph 
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99.89-100 
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32.56-4035 
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4.36 


87.52 - 100 
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84.46 - 97.73 
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4.22-4.23 


22.86-29.53 


21.00-21.05 


4.14-4.15 


18.65-26.45 


21.40-21.45 


4.06-4.07 


.1354-2150 


21.83-21.86 


3.85 r 3,86 


34.52-46.17 


23.04 - 23.08 


3.73 


14.15-22.05 


23.84 - 23.85 



In certain preferred embodiments, the onset oif analgesic activity of the fomulations is 
shortened via the concurrent, or combined administration of an efTective amount of a 
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relatively fast-acting local anesthetic, 6.g., lidocaine, in immediate release fonn. In such 
instances, (tus onset of analgesic activity may be anywheie fiom instantaneous to less lhan 
about 2 hours after administration, preferably from about 0 to about S minutes after 
administration of the formulation. The concentration of lidocaine ranges, e.g., from about 
0.5% to about 2%. For example, a further embodiment of the present invention includes 
mixing leady-to-use and/or concentrated solutions of lidocaine (e.g., 20%) in a diluent, 
whereby the performance of suspended microspheres depends upon diluent qualities (e.g.; 
dilution effect of lidocaine while maintaining desirable suspending vehicle properties) after 
the Udocaine and diluent have been mixed. In another embodiment of ttie present invention, 
lidocaine 10% (concentrated) is combined with the diluent to minimize dilution of the 
diluent, thereby achieving therapeutic levels of the lidocaine. In yet another embodiment of 
the present invention, lidocaine 20% (concentrated) is combined with die diluent to further 
minimize dilution of the diluent, thereby achieving therapeutic levels of the lidocaine. 
Preferably, the optimal range of viscosity of such mixed solutions ranges fiom about 8 cSt to 
about 12 cSt 

Augmenting Agent 

In. certain prefened embodunents, the local, anesthetic fomiulations also include an 
ainoiint of an augmenting agent, e.g., a glucocorticosteibid or non^ucocorticoid agent, that . 
may be provided in any form suitable for administration. Augmenting agents according to die 
invention are compositions or compounds that prolong the duration of local anesthesia and/or 
enhance fhe effectiveness of local aneatiietic agents when delivered to ffie site of local 
anesthptic administration before,' simultaneousty with or after die local anesdietic is 
administered. The augnientation of efficacy provided by die use of die augmenting agent 
cannot be pre<Jicted based on in vitro release (dissolution) of the biq)ivacaine in controlled 
release form. The inclusion of die augmenting agent within the controlled, release 
formulations of the invention does not substantially alter or prolong the in-vitro dissolution' 
rate of bupivacaine agent from die formulation; yet, the same formulation when administered 
in-vivo provides a rapid onset of local anesthesia and a significant increase in the time period 
of local anesthesia at the site of administration. The optimal concentration of augmenting 
agent for human clinical use may also be readily determined by routine animal screening as 
described hereinbelow, and further adjusted, where indicated, by routine clinical experience. 
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The augmenting agents disclosed herein may be administeied prior to, along with, or 
after administration, e.g., topical application, infiltration and/or injection of the local 
anesthetic agent in sustained release form, in each case with a substantial ^ 
local anesthesia in-vivo. In one embodiment local anesdietic and augmenting agents are 
administeied simultaneously in microspheres containing bofli the local anesthetic and the 
augmenting agent m a single medium for injection of infiltration. Alternatively, the local 
anesthetic and augmenting agent may be administeied in the forin of, e.g., separate 
microspheres suspended in a single (or separate) medium(s) suitable for injection or 
infiltration. In a further embodiment, simply by way of example, administration of CQiitroUed 
release microspheres m&k combined local anesthetic and vasoconstrictor agent can also be 
followed by one or more additional administratioiis of such combination formulation and/or 
of microspheres including as &e active agent only local anesthetic or only vasoconstrictor 
agent . 

The microspheres according to the invention can be administered alone or in 
combination witii a solution including a glucocorticoid or non-glucocorticosteroid 
augmenting agent in an amount effective to prolong the duration of local anesthesia. 
Alternatively, in preferred embodiments thj^- microspheres include an amount of an 
augmenting agent effective to prolong the duration of local anfesjAiesia. In another alternative, 
one or more augmenting agents can be administered before, simultaneously with or after 
administcation of flie sustained release local anestiietic, wherein the augmenting agent is 
formulated into a separate microsphere formulation for sustained release. Hie controlled 
release rate for tiie augmenting agents may be tiie same as or different Ifaan the controlled 
release rate for &e local anestiietic. ThQ separate roicrosjphae can be administered in a single 
injection, i.e., in a single injection vehicle, or in sqNuate injections simultaneously or at 
different times. In a fiirtfaer embodiment it has been found that additional dose of augmentmjg 
agent inay also be administered as an injectable solution, in an injectable carrier or in a 
sustained release carrier to the nerve to be blockaded after the sustained release local 
anesthesia has worn off, to reactivate, the initial local anesAesia witiiout the co-administration 
of i^itional local anesthetic. 

In those embodiments of the invention directed to formulations where the augmentmg 
agent is included in the formulation, the augmenting agent may be included in controlled 
release form or in immediate release form. The augmenting agent may be incorporated into 
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any phannaceutically accq>table earner. For example^ the augmenting agent may be 
incotporated into or onto flie sm&ce of the microcapsules, which inchide Ihe local anesthetic, 
or may be incoxpoiated into separate particles suitable for administration (e.g., miciospheies, 
microcapsules, etc.). Alternatively, the augmenting agent may be incoiporated, either in 
controlled release form or in inimediate release fonn, into a phaimaceutically acceptable 
aqueous medium suitable for infiltration or injection. (separately or together with flie 
microcapsules containing the local anesthetic). 

In certain embodiments of the invention, the augmenting agent can be from one or 
more of the following general types or claisses of agents, including glucocorticosteroid agents, 
alkalinizing agents, non-*glucocorticoid steroids such as, e.g., neuroactive steroids and/or 
steroid or nonsteroid modulators of gamma amino butyric acid ("GABA") receptors, 
modulators of ionic transport across cell membranes, including, e.g., modulators of 
membrane transport of monovalent and divalent metal ions such as, for example, blockers or 
enhancers of sodium, potassium and/or calcium transport across cell membranes, axrtipyretic 
agents, adrenergic receptor agonists or antagonists, such as alph^-2 receptor agonists^ tubulin 
binding agents, including, e.g., agents that are capable of either causing formation or 
disruption of intracellular microtubules, osmotic polysaccharides, agonists and antagonists of 
potassium ATP channels, i.e., able to open or close potassium ATP channels, Na, K-ATPase 
inhibitors and enhancers, neurokinin antagonists, PLC (i.e., phosphatidylmositol-specific 
phospholipase C) inhibitors, inhibitors of leukocyte glucose metabolism and anti-convulsants. 
The augmeiiting agent can also.be an analeptic, a tranquilizing agent, an. ataietic, an 
antidepressant an anti-seizuie agent, leukotriene and prostagilandin agonists and inhibitors, 
phosphodiesterase agonists and inhibitors, e.g., based on cAMP, and combinations of axiy of 
flie foregoing. Vasoconstrictive agents provided in controlled release fimn also provide for 
unexpected imd surprising augmentation of duration and potency of local anesflietics relative 
to immediate release forms of vasonstrictive agents heretofore known to the art The 
aforementioned types of au^nenting ag^ .may . to used alone or in any mixture or 
combination of each such agent to provide effective augmentation of local anesthesia wfaiere 
desired. 

In one embodiment, the augmenting agent is any art^known glucocorticosteroid agent, 
such as, simply by way of example, dexaniethasone, cortisone, prednisone, hydrocortisone, 
beclometfaasone dq)ropionate, betamethasone, flunisolide, methylprednisone, paiamefliasone. 
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prednisolone, tiiamcinolone, alclometasone, amcioonide, clobetasol, fludiocortisoae, 
diflorasone diacetate, fluocinolone acetonide, fluocmonide, fluotometholone, fliuandienolide, 
halcinonide, medxysone and mometasone, ropivicaine and phaimaceuticaUy acceptable 
mixtures and salts Oiereof and any ofter derivatives and ana^^ 

When a glucocorticosteroid agent is included in (he controlled release formulation 
microcapsules comprising local anesthetic (e.g., microcapsules)^ it has been found that useful 
loadings of glucocorticosteroid agent are, e.g., from 0.00S% to 30% by weigiht of the 
substrate. 

When the glucocorticosteroid agent is included with a suitable vehicle in which 
microparticles comprising local anesthetic are suspended, the glucocorticosteroid agent is 
present, for example, in a weight percent relative to the local anesthetic varying from about 
0.005% to about 15%. 

In another embodiment, the augmenting agents include an alkalinizmg agent. The 
alkalinizmg augmenting agents used herein preferably raise tiie pH of the medium m which 
the local anesthetic agents in sustained release form are present (e.g., either an injection, 
medium or the envuxmment at the site of mjection) to provide a pH from about 6.0 to about 
8.5, preferably from about 7.5 to about 8.5. Preferably, the alkalinizing agent may be, for 
exanqple, a carbonate buffer such as sodium carbonate. Of course, any oth^ alkalinizing 
agent that is pharmaceutically acceptable for localized iqection or infiltration may also be 
effectively employed. The augmenting ag^ts also mclude non-glucocorticoid steroids such 
as e.g., androgens, such as testosterone and its active dmvatives, analogs and metabolites; 
estrogens, such as estradiol and its active derivatives, analogs and metabolites and progestins, 
such as inogesterone and its active derivatives, analogs aiid metabolites and mixtures of any 
oftfaese. 

In yet anotiier embodiment, the augmenting, agents are neuroactive steroids, such as, 
e;g., one or more of the class of anesthetic steroids. Neuroactive steroids useful as augmenting 
agents according to the mvention also include those that modulate GABA receptors. Preferred 
neuroactive steroids include, simply by way of example, alfliesm and its mam component, 
alphaxalone and active analogs, derivatives and mixtures thereof, as well as 5-alpha-pregnane-3 
alpha-21-diol-20^ne (tetrahydro-deoxycorticosterone or THDOQ and/or 
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allotetiataydiocortisone (the 17-beta configuiatioii); and dehydioepiandiosterone C'DHE**) and 
active analogs* derivatives and mixtures flieieof. Piefeiably» the neuioactive steroids aie 
present as an additive in die vehicle canying the microspheies in a concentration ranging from 
about 0.01% to about 1% by weight, and most preferably from about 0.05% to about 0.5% by 
weight 

The augmenting agents also include non-steroidal modulators of GABA receptors^ 
including those that are capable of potentiating the inhibitory effects of GABA on those 
receptors. Preferably, these include the benzodiapenes, e.g., diazepam as well as its active 
derivatives, analogs and metabolites and mixtures thereof More preferably, the diazepam is 
present as an additive in the vehicle in a concentration ranging from about 0.01% to about 1% 
by weight, and most preferably from about 0.05% to about 0.5% by weight Of course, the 
artisan will appreciate that the potency of benzodiazapenes varies widely, and will adjust 
diese concentration ranges accordingly for other benzodiazapenes, relative to the potency of 
diazepam. 

In yet another aspect of the invention, &e augmenting agent is a modulator of ionic 
transport across cell membranes. Monovalent and multivalent metal ion transport can be 
modulated. Agents include, e.g., sodium, potassipni and calcium chaimel modulators (e.g., 
nifedqnne, niliendipine, verapamil^ etc.). In preferred embodiments; these also include, but 
are not limited to, aminopyridine, benzamil, diazoxide, 5,5 diphenylhydantoin, minoxidil, 
tetrethylammonium and valproic acid. Such augmenting agents, which can be used in 
accordance with the present invention include naturally occurring site 1 sodium channel 
blockers, such as tetrodotoxtn, saxitoxin, decaibomoyl saxitoxin, neosaxitoxin, and other 
similarly-actihg, structurally homologous toxins. Further, combinations of these toxins wifli 
furOier agents such as vasoconstrictors, glucocorticoids, alpha agonists (epinephrine, 
phenylephrine), beta-blockers (propranolol) and nuxed central-periphdcal alpha-2 agonists 
(clonidine), and/or adrenergic drugs, may be used as the augmenting agent Such 
combinations are described in International Patent Publication No. WO 98/51290, which is 
hereby incorporated by reference. The inclusion of amphtphilic and/or lipophilic solvents in 
tiie formulations of the invention, together with tiie use of siich toxins, is contemplated as a 
further augmenting alternative with respect to the present invention, as described in 
International Patent Publication No. WO 98/51290. Preferably, the ion transport modulating 
agent is present as an additive in tiie vehicle carrying the microspheres in a concentration 
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ranging fiom about 0.0 1 to about S percent by weight, and most ptefetably fixmi about 0.0S to 
about 1.5 peicent by weight 

Augmenting agents also include, e.g., antipyretic agents such as aminopyrine, 
phenazone, dipyrone, apazone, phenylbutazone and derivatives and analogs thereof.. 
Aminopyrine is preferably included in the vehicle containing the microspheres in a. 
concentration ranging fiom about 0.01 to about 0.5 perc^t and in a more preferred 
embodiment the concentration ranges from about 0.05 to about 0.5 percent, by weight 

Other preferred augmenting agents include^ e.g.> adrenergic receptor modulators, such 
as alpha-2 receptor agonists, can also be used as augmenting agents. Simply, by way of 
example, the alpha-2 receptor agonist clonidine provides useful augmentation of local ' 
anesthesia, although any other art known alpha-2 receptor moidulators capable of augmenting 
local anesthesia according to the invention may be used. Clonidine is preferably included in 
tiie vehicle containing the microspheres in a concentration ranging from about 0.01% to about 
0.5% preferred embodiment tiie concentration ranges from about 0.05% to about 1%, by 
weight 

Tubulin binding sLgents that are capable of pronK>ting the frmnation or dismption of 
cytoplasmic microtubules may bo enq)loyed as augmenting agents according lb the invention. 
Such agents include, for example, colchicine and the vinca alkaloids (vincristine said 
vinblastine), taxol .as well as active derivatives, analogs metabolites and mixtures thereof. Of 
course, some agents may be classified in more than one category, thus, for example, 
colchicfaiB is also known to irdubit ^ucose metabolism in leukocytes. Colchicine is 
preferably included in tiie vehicle containing the microspheres in a concenliation rangiiig 
fiom about 0.01 to about 1.0 percent and m a more preferred embodiment the concentmtion 
ranges fiibm about O.OS Id about 0.5 percent, by weight 

Additional augmenting agents, which may be used in conjunction with the present 
invention, include vanilloids such as naturally occurring and synthetic capsaicin, 
resiniferotoxin, and the like. 

Osmotic polysaccharides are also able to be used as augmenting agents. In one 
preferred embodiment, tiie osmotic polysaccharide includes dextiaa More preferably, the 
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dextian augmenting agents according to &e invention have a molecular weight ranging fiom 
about 20 kDa thiou^ about 200 Id^a, or greater. A sohition containing dextran in a fonn 
•suitable for injection or infiltration into a desired site in a patient is preferably buffered to a 
pH ranging from about 3.0 to about 8.5, but in a preferred aspect is buffered to a pH ranging 
fi:om about 7.0 to about 8.5. 

Other preferred embodiments of the invention provide for potassiimi-ATP channel 
agonists for use as augmmting agents. A preferred potassium*AtP channel agonist is, e.g.» 
diazoxide, as well as its active derivatives^ analogs, metabolites and mixtures thereof that are 
useful as augmenting agents^ 

Sodium/potassium ATPase inhibitors . axe also preferred as augmenting agents 
according to the invention. Preferably, the sodium/potassium ATPase inhibitors are cardiac 
glycosides that are effective to aupnent local anesthesia. Cardiac glycosides that are useful 
according to the invention include, e.g., oubaine, digoxin, digitoxin and active derivatives, 
analogs and metabolites and mixtures of any of these. 

Additionally, augmenting agents which may be used in accordance with die present 
invention include, e.g., neurokinin antagoni^, such as,' e.g., spantide and other pq)ttde 
inhibitors of substance P .receptors fliat axe well known to flie art, e.g., as are listed in 
Receptor and Ion Channel Nomenclature Supplement Trends m Pharmacological Sciences 
18:64-65, the disclosure of which is mcorpoiated by reference herein in its entirely. PLC (i.e., 
php8phati<fyl]nositol-sp6cific phospholipase Q inhibitors such as, e.g., l-[6-[[17*beta-3- 
methoxyestra-l,3,5(10)-triene-17-yl]amino]hexl>l-H«pyirble-2,S^^^ and and-seizuxp 
agents and agents that stabilize cell membrane potential, such as, 6;g., ben2odiazepines, 
barbiturates, deocigbarbiturates, caxbamazepine, succinamides, valproic acid, 
bxazalidienbionesy.phenacemide and active derivatives, analogs and metabolites and mixtures 
thereof. Preferably, &e anti-seizure augmenting a^nt is phenytoin, and most preferably is 
S,5-diphenylhydantoin. 

L<Kally acting vasoconstrictive agents also pirovide effective augmentation of local 
anesthesia that may be superior to that provided by immediate release vasoconstrictive 
agents. While not wishing to be bound by any hypothesis as to how vasconstrictive agents in 
coritrolled release form mi^t greatly prolong local anesthetic activity, it is believed that 
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controlled lelease vasoconstrictor agents provide, a controlled and non-toxic vasoconstrictor 
activity that reduces the rate of local anesthetic washout fiom fiie tteated tissue area to 
prolong die presence of efGsctive concentrations of local anestiietic in the tissue. It is known 
to fte airt that vasoconstrictors, e.g.» epinephrine, prolong local ^nesfliettc activity for» at best, 
.about 1 hour and that if excessive amounts of epinephriiiB or other vasoconstrictor, is 
administered in an attempt to iiirther prolong local anesthesia, local circulation may be so 
disrupted as to cause tissue necrosis and.gangrene. Controlled release vasoconstrictor agents 
can achieve local tissue concentrationis that are safe and effective to provide vasoconstrictor 
activity effective to substantially prolong local anesthesia. More une}q)ectedly, the local 
circulatory bed, i.e., blood vessels, remains responsive to the vasoconstrictor agent for 
prolonged periods, e.g«, receptor desensitization or smooth muscle fatigue or tolerance does 
not prevent &e prolongation effect The gradual release from a controlled release formulation 
also serves to greatly reduce the risk of toxic reactions such as, e.g., localized tissue necroses. 

The proyiously discussed vasoconstrictive augmenting agents can be administered 
before, simultaneously with or after the administration of local ahes&etic. Tn one embodiment 
of the invention, at least a portion of the vasoconstrictive agent is formulated iii the controlled 
release formulation together with local anesthetic. In another embodunent, the vasconstrictive 
agent is prepared in one or separate controlled release fornmlatioiis. 

Vasoconstrictor agents ^ch may be used as augmenting agents in accordance with 
the invention mclude, but are not Ihmted to, catecholammes e.g., epinephrine, norepmephrine 
and dopamine as well as, e.g;, metaaminol, phenylephruie, methoxamine, mephentennine, 
metfaysergide, ergotamine, ^gotoxine, diltydroergotamine,. sumatriptan and analogs, and 
alpha-1 and alpha-2 adrenergic agonists, such as, e.g., clonidihe, guan&cme, guanabenz and 
dopa (i.e., dibyrdoagpheitylalanine), metfayldopa, ephedrine, amphetaminie, 
methaiiiphetainiiie, metbylphenidate, ethylnorq>inephrihe ritalin, pmioline and other 
sympathomimetic agents, inctuding active metabolites, doivatives and mbctures of any of flie 
foregoing. 

In a more preferred embodiment, at least a portion of any of tire augmenting agents 
enumemted above are included in the sustained release foimidation, in combination with a 
local anesthetic agent or agents in a concentration ranging fibm about 0.01 to about 30 
percent or more, by weight, relative to the weight of the fonnulatiorL Preferably, fiie 
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vasoconstrictor is included in a sustained release formulation in an amount ranging bom 
about 0.005 percent to about 20%, and mote preferably, fi:om about 0.05 percent to about 5 
percent, by weight, lelative to the total weight of the fonnulatiioit When a vasoconstrictor is 
present in the injection vehicle in immediate release form, it is present in amounts ranging 
fiom about 0.01% to about 5 percent or more, by weight, relative to the injection vehicle. 
The vasoconstrictor can also be provided in a latio of local anesfiietic, e.g., bupivacaine^to 
vasoconstrictor, ranging from about 10:1 to about 20,000 and preferably from about 100:1 to 
about 2000: 1 and fiom about 500: 1 to about 1 500: 1 . 

The artisan will' also appreciate that other augmenting agents according to the 
invention broadly include any other types and classifications of drugs or active agents known 
to the art Such augmenting agents are readily identified by routine scrsening as discussed 
hereinbelow using animal sensory and motor quantitation protocols well known to the art 

The artisan will also appreciate that the' aniounts of augmenting agent and local 
anesthetic will vary depending upon the relative potency of the agents selected, fte depth and 
duration of local analgesia, local anesthesia and/or local nerve blockade is desired. The 
optimal concentcation and/or quantities or amounts of any particular augmenting ag^t, 
whedier present in the injection vehicle, separately administercd before, during or after local 
anesthesia is induced or whether included in the microsphere formulation, may be adjusted to 
acconunodate variations in die treatment parameters. Such treatment parameters include die 
polymer composition of a particular microspherc prepuation, the particular local anesthetic 
utilized, and the clinical use to which the preparation is pu^ in terms of the site treated for 
local'anesdiesia, ^ type of patient^ e.g., human or non-human, adult or child, and the type of 
sensory stimulus to be anesfiietl^ ' 

Further, the concentration and/or amoimt of any particular augmenting agent for a * 
given formulation may be readily identified by routine screening in animals, e.g., rats/ by 
screening a range of concentration and/or amounts of augmentiiig. agent using the hotplate 
foot withdrawal assay and/or motor function assay described hercidbelow. 

When the augmenting agent is included in the sustamed release substrates (e.g., 
microparticles) comprising local anesthetic, it has been found that useful loadings of 
augmenting agent are bom about 0.001% to about 30% by weight of tiie substrate or 
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preferably fiom about 0.01% to about 5% by weight of fhe substrate. When tiie augmenting 
ag^nt is included in contiolled release substrates (e.g., microspheres) wi&out local anesthetic, 
it has been found that usefid loadings of augmenting agent are fiom about 0.001% to about 
90%, or more, by weight of die substrate, or preferably from about 0.001% to about 30% by 
weight of the substrate or more preferably from about 0.01% to about S% by weight of the 
substrate. 

When the augmenting agent is included as part of the (aqueous) injection medium, the 
augmenting agent may be present in a weight percent relative to the local anesthetic varying 
fifom about 0.01% to about 15%, 

The examples demonstrate that the above-described aiigmeiitihg agents prolong flie 
duration of local anesthesia in-vivo and do not significantiy alter the time course of release of 
the local anes&etic in-vitro. ■ . . . 

Additional Active Agents 

The formulations of the present invention may furfher incorporate (me or mote 
additional active agente, which may provide similar tiierapeutic effects, additive therapeutic 
effects, or different tiierapeutic effects. The additional active agwt(s) may be a 
pharmaceutically active agent, such as a drug and/or diagnostic substance for human or 
veterinary use. For. exanq>le, in addition to the local analgesia provided by the local 
anesthetic, a dmg of a . different class tiian those traditionally associated with local anestiietic 
properties but which can provide analgesia may be included in . the formulation. Such drugs 
include but are not limited to opioids such as ihorphine, -fentanyl, cocaine, codeine and 
agents, which, for exanq>le, can provide regional blockade of nociceptive pathways (afferent 
and/or effmnt). 

Additional pharmaceutically active agents that can be incorporated into tiie 
formulations of the invention, include, e.g., antibiotics such as sulfisoxazole, penicillin O, 
ampicillin, cephalosporins, amikacin, gentamicin, tetracyclines, chloramphenicol, . 
erythromycin, clindamycin, isoniazid, rifampin, and derivatives, salts and mixtures thereof; 
antifungals such as amphotericin B, nystatin, ketoconazole; antivirals such as acyclovir. 
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amantadine; anticancer agents such as cyclophosphamide, methotrexate, etcetmate and other 
art kaown antx*in&ctive or antitimior agents or combinations thereof. 

; An active ag^nt can also be an enzyme, antibody, antigen or other biological protein 
or peptide for pharmaceutical and/or diagnostic use or combinations thereof. An active agent 
may also be, simply by way of example, any art known agent; e.g., a polypeptide or pq>tide 
derivative effective to protect or regenerate cartilage and/or connective tissue. 

Diagnostic agents that can be administered as an additional agent intra articularly. 
according to the invention include, e.g., dyes, vital dyes, radio-opaque dyes, magnetic 
resonance imaging dyes, electron spin dyes, radio-isotope labeled moieties and odiers readily 
apparent to the artisan, or combinations thereof In a prefeired embodiment, the formulation 
can be prepared, 6.g., to include any art-known nontoxic and radio^opaque dye, e.g., an iodine 
compound and the like, to aid in ^ visualization of site for improved accuracy of 
admixiistration and where desirable, to monitor the location of any controlled release material 
remaining at &e site at a later time. In another embodiment, at least a portion of such optional 
radio-opaque dye is present in the suspending vehicle to assist in tiie localization of tiie site of 
injection. 

Prodrugs are well known in the art and include inactive dmg ixiecursors which, when 
exposed to higji tenq)emture, metabolimg enzymes, cavitation and/or pressure, in the 
presence of oxygen or otherwise, or when leldased fix)m the formulations in accordance with • 
the invention (e.g., microcapsules)^ wilt form active drugs in the intercelhilar or intracellular 
environment. Sui^ble prodrugs, which may be. inchided as additional active agents will be 
apparent to those skilled in the art 

Examples of antibodies fliat can be incorporated into the formulations of flie mvention 
generally include industrial antibodies as well as antibodies and derivatives of antibodies for 
use in biotechnological process as well as antibodies for diagnostic and therapeutic purposes. 
Such antibodies include, for example, IgA, IgP, IgG, IgE, IgM, and combinations thereof, in 
the form of monoclonal, polyclonal and recombinant antibodies, catalytic antibodies and 
antigen-binding antibodies. Further, fragments of antibodies can be incorporated, together 
with or separately from, intact antibodies. For example, antibody fragments include light 
and/or heavy chains, and combinations of light chains or heavy chains, as well as the Fab, Fv, 
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Fc, Fd and smaller fragments, such as active portions of the variable region and non-naturally 
occurring combinations of such fragments and^or light and heavy chains or combinations 
hereof. Recombinant polypeptides with antibody activity can also be incorporated into 
microparticles by this method, as can engineered antibodies or antibodies or antibody 
fragments that are linked to other molecules, e.g., dmgs, prodmgs and/or diagnostic or 
analytic label moieties or combinations thereof. 

Examples of genetic materials that can be incorporated, include, e.g.; nucleic acids 
such as RNA and DNA, of either natural or synthetic origin, including recombinant RNA and 
DNA and antisense RNA and DNA as well as chemical derivatives of these nucleic acids, 
e.g., phosphonamides. Types of genetic material that may be incorporated include, for 
example, genes carried on expression vectors such as plasmids, phagemids, cosmids, yeast 
artificial chromosomes (YACs), and defective or "helper" viruses, anti-gene nucleic acids, 
both single and double stranded RNA as well as viral vectors for transforming cells, in vivo 
or in vitro or for genetic therapy, e.g., retcoviial vectors, adenoviral vectors and the like or. 
combinations thereof. 

Exainples of enzymes Ifaat can be incoiporaled inU) tte 
mclude, generally, enzymes for diagnosis and flierapeutic. purposes, e.g., ribonuclease, 
neuramidinase, trypsin, glyco^n phosphoiylase, amino peptidase, trypsin chymotrypsin, 
amylase, mununidase, diesterase, glutamic acid dehydrogenase, , as well as iSbrinolytic 
enscymes, lysozymes, dextranase and ribozymes or combinations thereoi^ to name but a few 
that win be rea<fily apparent to the artisaa 

The additional active agent(8) can be eitiier soluble or insoluble in a polymer solvent 
and may be in any phannaceutically acceptable state, including liquids, solutions, pastes, 
solids, and the like, of may be included iii, e.g.^ the mictospheriBS along witii flie local 
anesthetic and optional augmenting agent 

' Art known methods are also available to assay local tissue concentrations, difiKision 
rates from microspheres and local blood flow before and after administration of local 
anesthetic formulations according to die invention. One such method is microdialysis, as 
reviewed by T.E. Robinson et al., 1991, MICRQDIALYSIS IN THE NBUROSCIENCES. 
Techniques, volume 7, C3iapter 1, pagps 1-64, incorporated herein by reference in its entirety. 
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The methods reviewed by Robinson can be applied, in brief, as follows. A 
microdialysis loop is placed in situ in a test anunal. Dialysis fluid is pumped Arough the 
loop. Vfbdn midospheres according to the invention are injected adjacent to the loc^, 
released drugs, e.g., bupivacaine and vasoconstrictor augmenting agents, are collected in the 
dialysate in proportion to their local tissue concentrations. The progress of difiusion of the 
active agents can be determined thereby with suitable calibration procedures using known 
concentrations of active agents. For the vasoconstrictor augmenting agents, decrements and 
durations of vasocoiostriction efifects can be measured by clearance rates of marker 
substances, e.g., methylene blue or radiolabeled albumen &om the local tissue. 

Definitions or further descriptions of any of fee foregoing terminology are well 
known in the ait and may be found by referring to any standard biochemistry reference text 
such as "Biochemistry" by Albert L. Lehninger, Worfli Publishers, Inc. and "Biochemistry" 
by Lubert Stryer, W.H. Freeman and Company, both of which are hmby incorporated by 
reference. 

It is possible to tailor a system to deliver a specified loading and subsequent 
maintenance dose by manipulating flie percent dmg incorporated in the polymer and the 
thickness and porosity of the encapsulating shell matrix, in addition to varying flie form and 
mixture of local anesfiietic (e.g., fiee base versus salt), and die method of production. . 

All docurn^ts cited herem are incorporated by reference in flieir entireties for all 
purposes. 

EMBODIMENTS OF THE INVENTION 

In certaiin embodiments, the invention is directed to a method for providing local analgesia, 
local anesthesia or nerve blockade in a human, comprising administering at a site in a human 
a formulation comprising a plurality of microspheres .comprising a biocompatible, 
biodegradable carrier and a local anesthetic effective to provide local analgesia, local 
anesthesia or nerve blockade at the site of administration in a human which occurs less than 2 
hours after first administration, and a duration of local analgesia, local anesthesia or nerve 
blockade which lasts for at least about 1 day after first administmtion, wherein the level of 
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local anesthetic at the site of administration is at least 100 times, 150 times» 175 times or 200 
times the level of local anesthetic in the systemic blood plasma. The present invention is also 
directed to formulations utilized in tins method. 

In certain embodiments, the present invention is directed to the above fomiulations and 
mefiiods, wherein said formulation further comprises an augmenting agent in an amount 
efiective to prolong the effect of the local anesthetic for a time period greater than that 
obtained via adnunistration of said fomaulation without said augmenting agent such that a 
duration of local analgesia lasts for at least about 2 days after first administration, wherein the 
level of augmenting agent at the site of administration is at least 200 times, 250 times or 300 
times tiie level of augmenting agent in tiie systemic blood plasma. 

hi certain embodhnents, the invention is directed to a method for providing local analgesia, 
local anesthesia or nerve blodoule in a human comprising administering at a site in a huinan a 
unit dose of microspheres comprising a biocompatible, biodegradable carrier and bupivacaine 
or a phaimaceutically acceptable salt thereof, effective to provide local analgeda, local 
anesthesia or nerve blockade at tiie site of administration in a human which occurs less than 
about 2 hours lifter first administration* and a duration of local analgesia, local anesfliesia or 
nerve blockade which lasts for at least about 1 day. after first administration^ wherdn the 
meanXimax of bupivacame measured by microdialysis'in the tissue at the site is finmi about 
35,000 ng/ml. to below the toxic concentration at the site of administiation. Ihe present 
invention is also directed to formulations utili2sed in this metiiod. 

In certain embodiments, the present invention iis directed to tiie above formulations and 
methods, wherein said fon&ulatioti further comprises an effective amount of dexamethasonfe 
of a phaimaceutically acceptable salt thereof to prolong the effect of the bupivacaine for a 
time period greater than that obtained via administration of said formulation without said 
augmenting agent such that a duration of local analgesia, anesthesia or nerve blockade lasts 
for at least about 2 days after first administration, wherein the mean Cmax of dexmethasone 
measured by microdialysis in the tissue at the site is from about 45 ng/ml to below the toxic 
concentration at tiie site of administratioit 

In certain embodiments, the inveiition is directed to a metiiod for providing local analgesia, 
local anestiiesia or nerve blockade in a human, comprising administering a unit dose of 
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miciospheTes comprising a biocompatible, biodegradable earner and bupivacaine or a 
pharmaceutically acceptable salt thereof, effective to provide local analgesias local anesthesia 
or nerve blockade at a site of administration in a human which occurs less than about 2 hours 
after first administration^ and a duration of local analgesia, local anesthesia or nerve blockade 
which lasts for at least about 1 day after first administration, wherein the mean Tmax of 
bupivacaine occurs at a point fiom about 10 hours to about 45 hours after administration. 
The preseiit invention is also directed to fomiilations utilized in this method. 

In certain embodiments, the present invention is directed to the above formulations and 
methods, wherein said formulation ftirther comprise an effective amount of dexametbasone or 
a pharmaceutically acceptable salt thereof to prolong the effect of the bupivacaine for a time 
period jgreater than that obtained via administration of said microspheres without said 
dexametbasone, such that a duration of local analgesia, anesthesia or nerve blockade lasts for 
at least about 2 days after first admiiiistnition, wherein &e mean Tmax of dexametbasone 
occuis at a point £rom about 5 homs to about 40 hours after administr^ 

In certain embodiments, the invention is directed to a method for providing local analgesia, 
local anesthesia or nerve blockade in a human, comprising administering a unit dose of 
microspheres comprising a biocQmpatible» biodegradable carrier and bupivacaine or a 
pharmaceutically acceptable salt thereof effective to provide local analgesia, local anesfliesia 
or nerve blockade at a site of administration in a human which occurs less than about 2 hours 
after first administration, and a duration of local analgesia, local anesthesia or nerve blockade 
which lasts for at least about 1 day ^ter first administration, wherein the mean AUCt of 
bupivacaine at 96 hours measured by microdialysis in the tissue at the site is from about 
2,000,000 ngfml*h to about 4,000,000 ng/hd*h as measured by microdialysis: The present 
invention is also directed to fiirmuktions utilized in ttiis method. 

In certain embodiments, the present invention is directed to the above formulations and 
mediods, wherein said formulation fiirtfaer comprise an effective amount of dexametbasone or 
a pharmaceutically acceptable salt thereof to prolong the effect of the bupivacaine for a time 
period greater than that obtained via administration of said microspheres without said 
dexametbasone, such that a duration of local analgesia, anesthesia or nerve blockade lasts for 
at least about 2 days after first administration, v/bcxvin the mean AUCt of dexametbasone at 
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96 hours measuied by miciodialysis in the tissae at fhe site is fiom about 800 ng/ml^h to 
about 3»000ng^ixil'^h« 

In certain embodiments, the present invention is directed to the above formulations and 
methods, wherein the mean Cmax of bupivicaine in the plasma is below about 2S0 ng^I. 

In certain embodiments, the present invention is directed to the above formulations and 
methods, wherein the mean Cmax of dexamefhasone in the plasma is below about .50 ng/ml. 

In certain embodiments, the present invention is directed to the above formulations and 
methods, wherein the mean Tmax of bupivicaine in the plasma is from about 25 to about SO 
hours. 

In certain embodiments, the present invention is directed to the above formulation^ and 
mefliods, wherein die mean Tmax of dexamethasone in the plasma occurs at a time point 
fiom about 12 to about 30 horns. 

In certain embodiments, the present invention is directed to the above formulations and 
mefliods, wherein the mean AUCt of bupivicaine at 96 hours in flie plasma is below about 
12,000 ng/ml^ . 

In certain embodiments, the present. invention is directed to the above formulations and 
methods, wherein the mean AUC of dexamethasone at 96 hours in the plasma is below about 
15ng/iml*h. 

In certain embodiments, the present invention is directed to the above formulations and ' 
methods, wherein the formulation provides an effect characterized by a mean pin prick pain 
response test which is less than 1 .0 at 3 hours after administration; less than 1.0 at 24 hours 
after administration; less than 1.0 at 48 hours after administration; less than 1.0 at 72 hours 
after administration; or less tlian 1.0 at 96 hours after administration. In certam 
embodiments, the invention is directed to methods and formulations which provide the above 
pin prick test results at more than one or all of the above time points . 
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In 'Certain embodiments^ fhe present invention is diiected to the above fonnidatioiis and 
meOiods, wherein the formulation provides an effect characterized by a mean somesthetic 
response test which is less than 0.6 at 3 hours after administration; less than 0.6 at 24 hours 
after administration; less than 0.6 at .48 hours after administration; less than 0.6 at 72 hours 
after administration; or less than 0.6 at 96 hours after administratioiL In certain 
embodiments, the invention is directed to methods and formulations which provide the above 
somesthetic response test results at more than one or all of the above time points. 

In certain embodinientSy the present invention is directed to the above formulations and 
methods, wherein the formulation provides an effect characterized by a mean warmth 
detection threshold result which is at least 3 degrees C over the baseline at 3 hours after 
administration; at least 3 degrees C over the baseline at 24 hours after administration; at least 
3 degrees C over the baseline at 48 hours after administration; at least 3 degrees C over the 
baseline at 72 hoius after administration; or at least 3 degrees C over the baseline at 96 hours 
after administration. In certain embodiments* the invention is. directed to methods and 
formulations which provide the above mean warmth detection threshold results at more than 
one or all of the above time points. 

IS*' 

In, certoin embodiments. Hie present invention is directed to fhe above formulations and 
methods, who^in &e formiilation provides an effect characterized by a mean heat pain 
detection threshold result which is at least 3 degrees C over the baseline at 3 hours after 
administration; at least 3 degrees C over the baseline at 24 houra after administration; at least 
3 degrees C over the baseline at 48 hows after administiation; or at least 3 degrees C over the 
baseline at 72 hours after administaition. In certain embodiments, die invqition is directed to 
methods and formulations which provide the above mean heat pain detectioA threshold results 
at rnoTB than one or all of the above time points. 

The certain embodiments, the present invention is directed to methods of preparing the 
formulations disclosed hereiiL 

In certain embodiments, the. invention is directed to a method of detecting the local 
concentration of a local anesthetic at a site of administration comprising administering a local 
anesthetic at a site of a human and measuring the concentration of said local anesttietic in the 
tissue of said site by microdialysis. at one or more time intervals. 
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In certain embodiments^ the invention is directed to a method of detecting the local 
concentration of a corticosteroid at a site of administration comprising administering a 
corticosteroid at a site of a human and measuring the concentration of said local anesthetic in 
the tissue of said site'by tnicrodialysis at one or more tiine intervals. 

In one embodiment, fte invention is directed to a formulation for providing local analgesia, 
local anesthesia or nerve blockade in a human, comprising a biocompatible, biodegradable 
carrier including a local anesthetic, said fomiulation providing local analgesia, local 
anesthesia or nerve blockade at the site of administration in a human which, upon first 
administration, occurs less than about 2 hours after administration, and a duration of local 
analgesia, local anesthesia or nerve blockade which lasts for at least about 2 days after 
administration, wherein the level of local anesthetic in blood plasma after administration does 
not reach toxic levels. 

^bodiment above, wherein .said formulation further coniprises an augmenting agent in an 
amount efGective to prolong tiie effect of the local anesthietic for a time period greater than 
that obtained by use of fhe local anesthetic in controlled release form alone, said formulation 
having a duration of local analgesia which lasts for at least about 4 days after administratioit 

Embodiments above, wherein the duration of local analgesia is firom about 2 to about 4 days 
after administration. 

Embodiments above wherein the duration of local analgesia is fiom about 4 to about 7 days 
after administration. ^ ' 

^bodiments above which further comprises a dose of a second local anesthetic in 
immediate release form, said second local anesthetic providing said formulation with an onset 
of activity not more than about 5 minutes after administration of the formulation. 

Embodiments above, wherein said carrier comprises microspheres comprising said local 
anesthetic and a biocompatible, biodegradable polymer. 

Any of the foregoing embodiments, where the local anesthetic is bq>ivacaine fiee base. 
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Any of the foregoing embodiments, where fte effect lasts for at least about 2 days. 

Any of the foregoing embodiments, where said formulation further includes an effective 
amount of an augmenting agent selected from tiie group consisting of a glucocorticost^oid^ a 
neurosteroid, a vasoconstxicting agent, a modulator of ionic transport across cell membranes, 
a ^bulin binding agent, a sodium/potassium AtP-ase inhibitor, and combinations of any of 
the foregoing, 

Any of the foregoing embodiinents, where the polymer is a 65:35 DL copolymer of lactic and 
glycolic acid having an inherent viscosity fioin about 0.25 to about 0.42 dL/g, a molecular 
weight of about 40 kDa, and free carboxylic acid end gcoyxps. 

Any of file foregoing eml)odiih6nts, where fhe local anesthetic is bupivacaine free base, die 
augnienting agent is dexamethasqnei and &e i>olymef is a copolymer of lactic and glycolic 
acii : " 

Any of flie foregoing embodiment^, where the carrier comprises micro^heres comprising a 
poller selected ttie group co^stiifg of polyanl^drides, polyesters, copolymers of lactic 
acid and glycolic acid, polyorttioesterB, proteins, and pofysaccharides. 

Any of the foregoing embodiments, where carrier fiiither comprises a glucocorttcosteroid 
incorporated at fL loading between ^bout 0.001 and about 30 percent by weight 

Embodiments above, wlwre the glucocorticostaibid is dexamefl 

Any of Ihe foregoing embodiments, where the local anesfeetic is incorporated into the 
controlled rele^ form at a percent loadmg of ranging from about 60% to about 85% by 
weight 

Any of the foregoing embodiments, where tiie formulation comprises a plurality of 
microcapsules. 
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Any of the foregoing embodiments^ wliete fhe earner is suspended in a phaxmaceutically 
acceptable vehicle for injection. 

A formulation for providing local analgesia in a human, comprising a plurality of controlled 
release microspheres comprising bupivacaine fipee base and a biocompatible, biodegradable' 
polymer comprising a 65:35 DL copolymer of lactic and glycolic acid having an inherent 
viscosity from about 0.25 to about 0.42 dL/g, a molecular weigbt of about 40 kDa, and free 
carboxylic acid end groups^ said bupivacaine free base being contained in said microspheres 
at a drug loading of from about 60% to about 85%, by weight, said microspheres being . 
contained in a pharmaceutically acceptable niedium for parenteral adxiiinistration at a 
concentration sufficient to provide a concentration of bupivacaine free base from about 2.25 
m^nd to about 36.0 mg/ml and providing a unit dose of bupivacaine free base from about 45 
mg to about 360 mg, said formulation providing an onset of local analgesia at Qie site of 
administration winch occurs less than about 2 horns after administration^ and a duratimi of 
local analgesia which lasts &r at least about 1 day after a^ 

Embodtmeiits above where the microspheres are contained in the medium at a coiicmtration 
of about 6.25 m^ml with about 16 ml of said medium at a strength of about 4.5 mgAnl of 
bupivacaine. 

Embodiin»ts above where the micro^heces fioflier comprise dexametfaasone, and said 
formulation includes about 2.5 mcg^ml d^camethasone. 

^ - ' . ' 

Enibodiments above where the inicrospheres are contained in the medium at a concentration 
of about 12.5 mg^. with about 8 ml of saiil medium at a strength of about 9 mgfml 
bupivacaine. . 

Embodiments above where the microspheres fiirtiier comprise dexamettiasone, and said 
formulation includes about 5.0 tncg/ml dexameUiasone. 

Embodiments above where die microspheres contained in die medium at a concentration of 
about 25.0 mg/ml with about 4 ml of said medium at a strength of about. 18 mg/ml 
biq>ivacainB. 
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Embodiments above where the microspheres further comprise dexamefhasone, and said 
formulation includes about 10.0 mcg^ml dexametfaasone. 

Embodiments above where the microspheres are contained in the medium at a concentration 
of about 3.125 mg/ml with about 16 ml of said medium at a strengdi of about 225 mg/ml of 
bupivacaine and about 1.25 mcg/ml dexamediasone. 

Any of the foregoing embodiments where the polymer is a copolymer pf lactic and glycblic 
acid that is terminated with free carbpxylic acid end groups. 

Any of the foregoing embodiments, where the carrier is a 65:35 DL copolymer of lactic and 
glycolic acid having an inherent viscosity from about 0.25 to about 0.42 dL/g and a molecular 
weight of from about 10 kDa to about ISOkDa. 

Apy of the foregoing embodmiente, where fte carrier is a 65:35 DL copolymer of lactic and 
glycolic acid haying an inhererit; viscosity from about 0.2 to about 0.6 dL/g and a molecular 
weigfht of from about 20 kDa to about 801d>a. 

Aay of the foregoing embodiments, where the carrier is a 6S:3S DL copolymer of lactic and 
glycolic acid having an inherent viscosity from about 0.7 tp about 1.0 dL/g and a molecular 
weight of fioni about 100 kDa to about 150kDa. s , 

Asv of the foregoing embodiments^ Vhere the earner is a 65:35 DL copolymer of lactic and 
glycolic acid haying an inherent viscosity from about 0.25 to about 0.42 dL/g and a molecular 
height of from about 40 kDa to about liZOkDa. 

A fopnulation for providing local analgesia, local anesthesia or nerve blockade m a human, 
comprising a biocompatible, biodegradable carrier including a local anesAetic, said 
formulation providing local analgesia, local anesdiesia or nerve blockade at the site of 
administration in a human which, upon first administration, occurs less than about 2 hours 
after administration, and a duration of local analgesia, local anesthesia or nerve blockade 
which lasts for at least about2 d^ys after administiation, wherein flie level of local anesflietic 
in blood plasma after administration does not reach toxic levels, which formulation provides 
an in-vitro dissolution of Oie local anesthetic from the biocompatible, biodegradable carrier 
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under in-vitro conditions specified by the USP n Paddle Method, 100 RPM, 37 degrees 
Celcius, pH 3.0 in 900 ml of lOmM sodium phosphate buffer, as follows: 
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about 2 to about 32 
about 3 to about 60 
about6 toabout 86 
about 9 to about 92 
about 12 to about 94 
about 17 to about 97 
about 23 to about 97 



Any of the foregoing embodiments, where flie formulation is fiirther assessed in die rat using 
hotplate model and provides a mean latency greater than about 2 seconds to about 12 
seconds. 

Any of the foregoing enibodiments, where the formulation is fiirther assessed in the rat using 
hotplate model and piovides a mean latency greater tiian about 7 seconds to about 12 
seconds. 

Embodiments above where at least 50% of the nits tested experience flie stated latency range. 

Any of the foregoing enibodiments. where die formulation provides an m-vitco dissolution of 
the local anesthetic from the biocompatible, faiodegcadable carrier under in-vitro conditions 
specified by the U^P nPaddle Nfetiiod, 100 ttPM, 37 degrees Celcius, pH 3.0 in ^0 ml of 
lOmM sodium phosphate buffer, as follows: 
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A mefhod for piovidiag prolpnged local analgesia at a site in a human, compzising 
administering a fonniilatiqn comprising a local anesflietic in a biocompatible, biodegradable 
cairier including a local anesthetic^ said fbramlation being capable of parenteral 
administration, said Simulation jnoviding an onset of local anesthesia or pain relief or nerve 
blockage at flie site of administration in a human which, upon first administration, occurs less 
ihaii about 2 hours after administration, and a duration of local analgesia which lasts for a 
tune period of at least about 2 days after administration. 

Embodiments of the Invention: Parenteral ^Aminii^Hi^n 

Any of die foregoing embodiments, which provide an effect characterized by tiie 
lowest force or number of a von Frey hair which produces a sensation of pain in a mechanical 
pm detection threshold test in a human patient, as follows: from about 13 to about 18 at 2 
hours after administration; firorn about 13 to about 18 at 4 hours afier administration; from 
about 14 to about 18 at 8 hours after administration; fiom about 13 to about 18 at 24 hours, 
after administration; ftom about }3 to about 18 at 48 hours after administration; fiom about 
13 to about 18 at 72 hours after adininistratioi^ ftom about 12 to about 18 at 96 hours after 
administration; fiom about 1 1 to about 18 at 144 hours after administration, fix)m about IS to 
about 18 at 168 hours after administration, and fiom abbut IS to about 18 at 192 hours after 
administration, based on a baseline test from about 13 to about 17, when flie formulation is 
parenterally administered. 

Any of the foregoing embodiments, which provide an effect characterized by the 
lowest force or number of a von Frey hair which produces a sensation of pain m a mechanical 
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pain detection ihreshold test in a human patient, as follows: at least about 13 at 2 hours after 
administration; at least about 13 at 4 hours after administration; at least about 14 at 8 hours 
after administration; at least about 13 at 24 hours after administration; at least about 13 at 48 
hours after administration; at least about 13 at 72 hours after administration; at least about 12 
at 96 hours after administration; at least about 12 at 144 hours after administration, at least 
about 12 at 168 hours after administration, and at least about 12 to at 192 hours after 
administration, based on a baseline of a minimum von Frey hair number of about 10 and a 
maximum possible von Frey hair number of 18, when the formulation is administered 
parenterally. 

Any of the foregoing embodiments, which provide a median effect across a patient 
population characterized by. the lowest force or number of a Von Fiey hair which produces a 
sensation of pain in a mechanical pain detection threshold test m a human patient, as follows: 
about 16 to about 17 at 2 hours after administiation; fixmi about 16 to about 17 at 4 hours 
after administration; about } 8 at 8 hours after admimstration; fioni about 17.5 to aboiit 18 at 
24 hours after administration; fiom about 17 to about 18 at 48 hours after admimstrktion; 
fiom about 16 to about 18 at 72 hours after administration;, from about 15 to about 16.5 at96 
houra after administration; and fiom about 15 to about 16 at 144 houra after admimstration, 
based on a baseline test of about 15^ when tiie fonnulation is administ^ed parenterally. 

Any of tiie foregoing embodiments, which provide a median effect across a patient 
population characterized by the lowest force or number of a von Frey hair which produces a 
sensation of pain in a mechanical pain detection threshold test in a human patient as foDows: 
about 13.5 to about. 17.5 at 2 hours after administration; from about 11.5 to about 18 at 4 
hours after administration; from about 11.5 to about 18 at 8 hours after administration; from 
about 13 to about 1 8 at 24 hours after admmistiation; fiom about 15 to about 18 at 48 hours 
after administration; fiom about 15.5 to about 18 at 72 houra after administration; fiom about 
13 to about 18 at 96 houra after administration; and from about 15 to about 16 at 144 houra 
after administration, based on a baseline test of about 15,. when the fomulation is 
administered parenterally. 

Any of t^e foregoing embodiments, which provide an effect characterized by a 
mechanical pain detection threshold test in human patients in which the median lowest 
number of the von Frey hair in which half of the stimulations produces a sensation of pain or 
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unpleasantness is as follows: from about 16 to about 17 at 2 hours aiter administration; from 
about 16 to about 17 at 4 hours after administration; about 18 at 8 hours after administration; 
from about 17.5 to about 18 at 24 hours after administration; from about 17 to about 18 at 48 
hours after administration; from about 16 to about 18 at 72 hours after administration; from 
about IS to about 16.5 at 96 hours after administration; and from about 1 5 to about 16 at 144 
hours after administration, based on a median baseUne test of about 15, when the formulation 
is administered parenterally. 

Any of the foregoing embodiments, which provide an effect characterized by a 
mechanical pain detection threshold test in human patients in which the median lowest 
number of the von Frey hair in which half of the stimulations produces a sensation of pain or 
unpleasmtness is as follows: from about 16 to about 17 at 2 hours aft^ administration; from 
about 16 to about 17 at 4 hours after administration; about 18 at 8 hours after administration; 
fixmi about 17.5 to about 18 at 24 hours after administration; from about 17 to about 18 at 48 
hours after administmtioi^ from about 16 to about 18 at 72 hours after administration; from 
about 15 to about 16.5 at 96 hours after administration; and from about 15 to about 16 at 144 
hours after administtation; based on a median baseline test of about 15, when Oie formulation 
is administered parenterally. 

Any of tiie foregoing embodiments, which provide an efifect characterized by a 
mechanical pain detection threshold test in human patients^ in which the median lowest 
number of the von Frey hair in iftiiich half of the stimulations produces a sensation of pain or 
ur^leasantness is as follows: about 17 at 2 hours after administration; about 17 at 4 hours 
after administration; about 18 at 8 hours after administration; about 18 at 24 hours after 
administration; about 18 at 48 hours after administration; about 18 at 72 hours after 
administration; and about 16.5 at 96 hours after administratioii, when the formulation is 
administered parenterally.. 

Any of the foregoing embodiments, which provide an effect characterized by a 
mechanical pain detection threshold test in human patients in which the median lowest 
number of the von Frey hair in which half of the stimulations produces a sensation of pain or 
unpleasantness is as follows: about 13.5 to about 17.5 at 2 hours after administration; from 
about 11^ to about 18 at 4 hours after administration; from about 1 1.5 to about 18 at 8 hours 
afier administiation; from about 13 to about 18 at 24 hours after administration; from about 
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15 to about 18 at 48 bouts after admiiiistiation; from about IS.S to about 18 at 72 hours after 
administration; from about IS to about 13 at 96 hours after administration; and from about 
15 to about 16 at 144 hours after administration, based on a baseline test of about 15» when 
the foimulation is administered parenterally. 

Any of the foregoing embodiments^ which provide a mechanical pain detection 
threshold of about 16 at 144 hours after admmistration. 

Any of the foregoing embodiments, wherein the median baseline mechanical pain 
detection threshold is from about 14.5 to about 16.5. 

Any of the foregoing embodiments, which provide an effect characterized by a 
mechanical pain detection threshold test in human patients in ^ich the median lowest 
number of flie von Fiey hair in which half of the stimulations produces a sensation of pain or 
uiq>leasantness is as Mows: about 16 at 2 hours after administration; about 16 at 4 hours 
after adniinistmtion; about 18 at 8 hours after admmistration; about 17.5 at 24 hours after 
administration; and about 17 at 48 hours after adminiistFation, based on a baseline test 0f 
about IS. 

Any of the foregoing embodiments, which provide an efifect characterized by a 
mechanical pain detection threshold of about 16 at 72 hours aft^ 

^ formulation for providing local aiuilgesia in a hunum^ comprising a biocompatible, 
biodegradable carrier including a local anesthetic, said formulation beirig capable of 
parenteral administration, said formulation providing an effect characterized by a mechanical 
pain detection threshold test in human patients in which the lowest number of tiie vqn Ftey 
hair in which half of tiie stimulations produces a sensation of pain or unpleasantness is from 
about 16 to about 18 from about 2 to at least about 48 hours after administration, where tiie 
median baseline test is about 15, when the formulation is administered via perineuria!, 
subcutaneous or intriunuscular adrxiinistratioiL 

Any of the embodiments set forth above, wherein the lowest number of the von Frey 
hair in which half of the stimulations produced a sensation of pain or unpleasantness is from 
about 16 to about 18 from about 2 to at least about 72 hours after adminxstratioa 
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Any of the embodiments set forth above, wherein the lowest number of the von Fiey 
hair in which half of the stimulations produced a sensation of pain or unpleasantness is at 
least 1 6 from aix>ut 2 to at least about 96 hours after administration. 

Any of flie embodiments set forth above, wherein flie lowest number of the von Frey 
hair in which half of the stimulations produced a sensation of pain or unpleasantness is at 
least about 16 from about 2 hours to at least 5 days after administration. 

Any of the embodiments set forth above, which provide an effect characterized by a 
mechanical pain detection threshold test in human patients in which the mean lowest number 
of the von Frey hair in which half of the stimulations produces a sensation of pain or 
unpleasantness is as follows: from about 15.6 to about 16.9 at 2 hours after administration; 
from about 15.7 to about 17.3 at 4 hours after administration; form about 16.4 to about 17.7 
at 8 hours after administration; from about 16.2 to about 18 at 24 hours after administration; 
from about 15^7 to about 17.8 at 48 hours after administration; from about 1S.5 to about 17.5 
at 72 hours after administration; ftom about 15.1 to about 16.9 at 96 hours after 
administration; and &om about 15.1 to about 16.8 at 144 houra after administration, when the 
formulation is administered via perineurial, subcutaneous or intramuscular administration. 

Any of the embodiments set forth abQve, which provide an effect characterized by a 
rnechanical pain detection threshold test in human patients in which flie mean lowest number 
of die von Frey hair in which half of ttie stimulations produces a sensation of pain , or 
uiq)leasantness is as follows: from about 13 to about 17.7 at 2 houra iEifier administration^ 
from about 11 to about 18 at 4 houra after administration; form about 11 to about 18 at 8 
hours after administration; from about 13 to about 18 at 24 houra after administration; from 
about 14 to about 18 at 48 hours after administration; from about 14 to about 18 at 72 hours 
after administration; from about 15 to about 18.4 at 96 hours after administration; and at 
least about 15 for at least about 144 houra after administration, when the formulation is 
administered via perineurial, subcutaneous or intramuscular administration. 

Any of the embodiments set forth above, which provide an effect characterized by a 
mechanical pain detection direshold test in human patients in which the mean lowest number 
of the von Frey hair in which luilf of the stimulations produces a sensation of pain or 
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uxq>leasantness is as follows: about 16.46 ± 0.39 at 2 hours after admudstration; about 
16.8S± 0.42 at 4 hours after administration; about 1738 ± 0.31 at 8 hours after 
administration; about 17.92 ± 0.08 at 24 hours after admmistratioi^ about 17.33 ± 0.47 at 48 
hours after administration; about 17.0 ± 0.54 at 72 hours after adnnnistcation; and about 
16.33 ± 0.S4 at 96 hours after adnuiiistiation. 

Any of the embodiments set forth above, which provide a mechanical pam detection 
direshold of about 16.17 ± 0.6 at 144 hours after administration. 

Any of the embodhnents set fordi above, wherein the mean baselme mechanical pain 
detection threshold is about 15.38 ± 0.27. 

Any of die embodiments set forth above, which provide an effect characterized by a 
mechanical pain detection threshold test in human patients in which the mean lowest number 
of the von Frey hair in which half of the stimulations produces a sensation of pain or 
unpleasantness is as foUows: about 16.08 ± 0.49 at 2 hours after administration; about 16.23 
± 0.53 at 4 hours after administration; about 16.85 ± 0.44. at 8 hours after administration; 
about 16.75 ± 0.51 at 24 hours after administration; and about 16.25 ± 0.57 at 48 hours after 
administration, based on a baseline of about 15.31 ± .33. 

Any of the embodiments set forth above, which provide an effect characterized by a 
mechanical pain detection threshold of about 16.08 ± 0.54 at 72 hours after administration. 

A formulation for providing local analgesia in a human, comprising a biocompatible, 
biodegradable carrier including a local anesthetic, said formulation being capable of 
parenteral administration, said fDnnulation providing an effect characterized by a mechanical 
pain detection tiireshold test in human patients in which the mean lowest number of the von 
Frey hair in which half of die stimulations produced a sensation of pain or unpleasantn^ is 
from about 15.1 to about 18 fiom about 2 to at least about 96 hours after administration, 
when the formulation is administered parenterally. 
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Any of the embodiments set forth above, wherein flie mean lowest number of the von 
Frey hair in which half of the stimulations produced a sensation of pain or unpleasantness is 
fix»9i about 15.7 to about 17.8 fiom about 2 to at least about 48 hours after administration. 

Any of the embodiments set forth above, which provide an effect characterized by a 
mechanical touch detection threshold test in which the lowest force or number of a von Frey 
hair which produces a sensation of touch or pressure in a human patient is as follows: from 
about 8 to about IS at 2 hours after administration; fi:om about 9 to about 1 8 at 4 hours after 
administration; from about 9 to about 18 at 8 hours after administiation; from about 9 to 
about 18 at 24 hours after administration; from about 9 to about 18 at 48 hours after 
administration; &om about 9 to about IS at 72 hours after administration; from about 9 to 
about 14 at 96 hours after administration; and fibom about 9 to about 14 at 144 hours after 
administration, when the formulation is administered via perineurial, subcutaneous or 
intramusciilar administration. 

Any of die embodiments, set forfii above, which provide an effect characterized by a 
mechanical touch detection threshold test in which the lowest force or number of a von Frey 
hair which produces a sensation of touch or pressure in a human patient is as follows: from 
about 4 to about I S at 2 hours aifi^ cidministration; fiom about 4 to about 1 8 at 4 hours after 
administration; from.about 5 about 18 at 8 hours after administration; from about 3 to 
about 18 at 24 hours after administratibn; from about 4 to about 16 at 48 hours aftCT 
administration; bom about 4 to about 18 at 72 hours after administration; and at least about 3 
to about 18 for at least 96 hours after administration; when fh& fomiulation is administered 
via perineurial, subcutaneous or intramuscular administration. 

Any of the embodiments set forth above, which provide an effect characterized by a 
mechanical touch detection threshold test in which the median lowest force or number of a 
von Frey hair which produces a sensation, of touch or pressure in human patients is as 
follows: about 1 1 at 2 hours after' administration; from about 1 1 to about 12 at 4 hours after 
administration; from about 12 to about 14 at 8 hours after administration; from about 13 to 
abput 14 at 24 hours after adnunistration; from about 11 to about 13 at 48 hours after 
administration; from about 10 to about 1 1.5 at 72 hours after administration; from about 10.5 
to about li at 96 hours after administration; and fiom about 10 to about 11.5 at 144 hours 
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after administratioii, based on a median baseline test of about 9, when the foimulation is 
administered via p^neurial^ subcutaneous or intiamuscular administration. 

Any of the embodiments set forth above, which provide an effect characterized by a 
mechanical touch detection threshold test in which the median lowest force or number of a 
von Prey hair which produces a sensation of touch or pressure in human patients is as 
follows: about 11 at 2 hours after administmtion; about 12 at 4 hoinrs after administration;* 
about 14 at 8 hours after administration; about 14 at 24 hours after admiiiistration; about 13 at 
48 hours after administration; about . ll.S at 72 hours after administration; about 11 at 96 
hours after administratioi^ and about 11.5 at 144 hours after administFation, based on a 
median baseline test of about 9, when the finmulation is administered via perineuiial, 
subcutaneous or intntmuscular administration. 

Any of the embodiments set forth above, which provicte an effect characterized by a 
mechanical touch detection threshold test in which the median lowest force or number of a 
von Fiey hair which produces a sensation of touch or pressure in human patients is ais 
follows: about 11 at 2 hoins after administration; about 11 at 4 hours after administcation; 
about 12 at 8 hours after administration; about 13 at 24 hours after administiation; about 1 1 at 
48 hours after administration, based on a median baselme test of about 9. 

Any of tbe embodiments set forth above, which provide an effect . fur&er 
characterized by a mechanical touch detection threshold test in human patients in which the 
median lowest force or number of a von j?rey hair which produces a sensation of toiich or 
pressure in a hmnan patient as follows: about. 10 at 72 hours after administration. 

A formulation for providing local analgesia in a human, coiiiprising a biocompatible, 
biodegradable carrier including a local anes&etic, said formulation bemg capable of 
parenteral administration, said formulation providing an effect characterized by a mechanical 
touch detection tiueshold test in human patients in which the median lowest force or number 
of a von Frey hair which produces a sensation of touch or pressure in human patients is fiom 
about 11 to about 14 fiom about 2 to at least about 96 hours after administration, where the 
median baseline test is about 9, whdai the formulation is administered v^ perineurial, 
subcutaneous or intramuscular administration. 
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Any of Hie embodiments set fbith above, wherein Hie median lowest number of the . 
von Fiey hair in which half of the stimulations produced a sensation of pain or 
unpleasantness is &om about 11 to about 14 &x>m about 2 to at least about 144 hours after 
administmtion. 

A formulation for providing local analgesia in a huinan^ comprising a biocompatible, 
biodegradable carrier including a local anesthetic^ said formulation being capable of 
parenteral administration, said formulation providing an effect characterized by a mechanical 
touch detection threshold test in human patients in which die median lowest force or number 
of a von Frey hair which produces a sensation of touch or pressure in human patients is from 
about 11 to about 13 from about 2 to at least about 48 hours after administration, where the 
median baseline test is about 9, when , the formulation is administered via perineurial, 
subcutaneous or intramuscular administration. 

Axiy of the embodiments set forth above, whereiii the median lowest number of the 
von Frey hair in which half of the stimulations produced a sensation of pam or 
unpleasantness is from about 10 to about 13 from about 2 to at least about 72 hours afker 
administratioh. 

Any of die embodiments set forth above, which provide an eiBfect characterized by a 
mechanical touch detection flneshold test m which the mean lowest force or number of a von 
Frey hair which produces a sensatipn of touch or pressure in human patients is as follows: 
from about 10.4 to about 11. 7 at 2 hours after administration; from about 1 1 .0 to about 12.S 
at 4 hours after administxation; from about 12.1 to about 14.0 at iS hours after admmistration; 
from about 12.6 to about IS.Ci at 24 bouts after administration; from about 10.8 to about 14.0 
at 48 hours after adniinistration; from about 9.9 to about 12.4 at 72 hours after administration; 
from about 10.1 to about il.7 at 96 hours after administration; and from abput 9^8 to aboixt 
1 r.7 at 144 hours after administration, based on a mean baseline test from about 8.8 to about 
9.2, when the formulation is administered via perineurial, subcutaneous or intramusciilar 
administration. 

Any of flie embodiments set fordi above, which provide an effect characterized by a 
mechanical touch detection ftreshold test in which the mean lowest force or number of a von 
Frey hair which produces a sensation of touch or pressure in human patients is as follows: 
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ftom about 5 to about 12.09 at 2 hours after administration; fix)m about 4 to about 13.5 at 4 
hours after administration; ftom about 5 to about 15 at 8 hours after administration; ftom 
about 5 to about 15,6 at 24 hours after administration; from about 5 to about 16.2 at 48 hours 
after administration; from about 5 to about 16.2 at 72 hours after administration; from about 3 \ 
to about 15.2 at 96 hours, based on a mean baseline test from about 5 to about 9.9, when the 
formulation is administered via perineurial, subcutaneous or intramuscular administration. 

Any of the embodiments set forth above, which provide an effect characterized by a 
mechanical touch detection threshold test in which the mean lowest force or number of a von 
Frey hair which produces a sensation of touch or pressure in human patients is as follows: 
about 11.08 ± 0.64 at 2 hours after administration; about 11.77 ± 0.72 at 4 hours after 
administration; about 13.15 ± 0.82 at 8 hours aj^ administration; about 14.08 ± 0.88 at 24 
hours after administration; about 13.5 ± 0.53 at 48 hours after administration; about 12 ± 
0.41 at 72 hours after administration; and about 1 1.25 ± 0.46 at 96 hours after administration, 
based on a mean baseline mechanical pain detection threshold of 9.1 ± 0.23, based on a 
baseline of about 9.0 ± 0^23. 

Any of the embodiments set fortii above, which provide a mean mechanical touch 
detection threshold of about 1 1.33 ± 0.38 at 120 hours after administration. 

- Any of die embodiments set forth above, which provide an effect characterized by a 
mechanical touch detection threshold test in which the mean lowest force or number of a von 
Frey hair which produces a sensation of touch or pressure in human patients is as follows: 
about 10.92 ± 0.57 at 2 hours after administration; about 1L69 ± 0.67 at 4 hours after 
admixdstratioi^ about 12.85. ± 0.74 at 8 hours after administxatioi^ about 12.83 ± 0.84 at 24 
hours after administxation; and about 1 1 .67 ± 0.9 at 48 houra after administration. 

Any of the embodiments set forth above, which provide an effect further 
characterized by a mean niechanical touch detection threshold of about 10.42 ± 0.48 at 72 
hours after administzBtion. 

Ajiy of tiie embodiments set fordi above, wherein tiie mean baseline mechanical pain 
detection threshold is about 8.85 ±0.1. 
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A formulation for providing local analgesia in a human, comprising a biocompatible, 
biodegradable carrier including a local anesfhetic, said formulation being capable of 
parenteral administration, said formulation providing an effect characterized by a mechanical 
touch detection threshold test in human patients in which the mean lowest force or number of 
a von Frey hair which produces a sensation of touch or pressure in human patients is from 
about 10.4 to about 15 from about 2 to at least about 96 hours after administration, based on a 
mean baseline test from about 8.8 to about 9.2, when the formulation is administered via 
perineurial» subcutaneous or intramuscular administration. 

Any of the embodiments set forth above, wherein the mean lowest number of the von 
Frey hair in which half of die stimulations produced a sensation of pain or unpleasantness is 
firom about 10.4 to about 15 from about 2 to at least about 144 hours after adminis^ 

A formulation for providing local analgesia in a hurnan, comprising a biocompatible, 
biodegradable carrier mcluding a local anesthetic, said formulation being capable of 
parentezal administration, said finmulation providing an effect characterized by a mechanical 
touch detection threshold test in hunum i^tiehts in which the mean lowest force or number of 
a von Frey hair wl^ch produces a sensation of touch or pressure in human patient is from 
about 10.4 to about 13.7 from about 2 to at least about 48 houra afio^ administration, where 
the mean baseline test, is from about 8.8 to about 9.0, when the formulation is administered 
via perineuria!, subcutaneous or intramuscular administration. 

Any of the embodiments set fortli above, wherein the mean lowest number of fixe von 
Frey hair in which half of the stimulations produced a sensation of pain' or unpleasantness is 
from about 9.9 to about 13.7 from about 2 to at least about 72 hours after administratiori. 

Any of the embodiments set forth above, which provide an effect characterized by a 
warm detection threshold test in which the median lowest increase in temperature from 32 C 
perceived by human patients, occura at a temperature as follows in degrees C: about 40.5 to 
about 44.05 at 2 houra after administration; about 40.15 to about 44.85at 4 hours after 
administration; about 40.15 to about 46.3 at 8 hours after administration; from about 41.7 to 
about 46,35 at 24 houra after administration; about 41.55 at 48 houra after admfaiistration; 
from about 40.4 to about 46.55 at 72 houra after administration; from about 41.1 to about 
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45.7 at 96 hours after administration; based on a median baseline test from about 39.9 to 
about 41.95, when the formulation is administered via perineurial, subcutaneous or 
intramuscular administration. 

A formulation for providing local analgesia in a human, comprising a biocompatible, 
biodegradable carrier including a local anesthetic, said formulation being capable of 
parenteral administration, said formulation providing an effect characterized by a warm 
detection tiireshold test in which the median lowest increase in temperature from 32 C 
perceived by human patients, is from about 43 to about 46.9 from a time of alK>ut 2 to at least 
about 48 hours after administration, based on a median baseline test fiK>m about 41.6 to about 
42.6, when flie formulation is administered via perineuria], subcutaneous or mtramw^ular 
administration. 

Any of the embodiments set forfli above, which provide an e£G3Ct characterized by a 
warm detectipn fhreishold test in which the mean lowest increase in temperature fitoin 32 C 
perceived by human patients^ occurs at a temperature as follows ui degrees C: about 43.2 to 
about 46.5 at 2 hours after administration; from about 44.1 to about 46.2 at 4 hours after 
administration; fiom about 44.8 to about 46.9 at 8 hours after administration; fiom about 45.6 
to about 46:9 at :24 hours after admmistmtion; from about 44,1 to about 46.9 at 48 hours aftser 
administratioii; fiom about 42.6 to about 45.9 at 72 hours after administration; from about 
41.5 to about 44.9 at 96 hours after administration; and from about 42.0 to about 43.5 at 144 
hours after administration, based on a mean baseline test fiom about 41.1 to about 42.5, when 
the formulation is administered via perineuiial, subcutaneous or intramuscular administratiorL 

Any of the embodiments set fortti above, which provide an effect characterized by a 
warm detection threshold test in which the mean lowest increase m temperature from 32 C 
perceived by human patients, occurs at a temperature as follows in degrees C: about 40.2 to 
about 44.7 at 2 hours after administration; fi^om about 40.3 to about 45.6 at 4 hours after 
administration; fix>m about 39 to about 46.4 at 8 hours after administration; from about 40.1 
to about 47.2 at 24 hours after admmistration; from about 39.1 to about 47.2 at 48 hours after 
administcation; torn about 39 to about 46.9 at 72 hours afiaf admhustratton; from about 39.7 
to about 46.2 at 96 hours after administratioii, based on a mean baseline test from about 39 to 
about 44.08, when the formulation is administered via perineurial, subcutaneous or 
intramuscular administration. 
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Any of flie embodiments set forth above, which provides an effect characterized by a 
warm detection threshold test in which the mean lowest increase in temperature from 32 C 
perceived by hmnan patients, occurs at a temperature as follows in degrees C: about 43.82 ± 
0.6S at 2 hours after administration; about 44.69 ± 0.64 at 4 hours after administration; about 
4S.3S ± b.S6 at 8 hours after administratioi^ about 4639 ± 0.54 at 24 hours dler 
admmistration; about 46.09 ± 0.76 at 48 hours after administration; about 45.19 ± 0.67 at 72 
hours after administration; and about 44.19 ± 0.7 at 96 hours after administration, based on a 
mean baselme warm detection threshold of about 41 .97 ± 0.56. 

Any of &e embodonents set forth above, which provides a mean warm detection 
threshold of about 43.01 ± 0.5 at 144 hours after administration. 

Any of the embodiments set forfli above, which provides an effect characterized by a 
wann detection threshold test in which the, mean lowest increase in temperature from 32 C 
perceived by human patients, occurs at a temperature as follows in degrees C: about 45.72 ± 
0.76 at 2 hours after administration; about 45.42 ± 0.78 at 4 hours after administration; about 
46.22 ± 0.65 at 8 hours after administration; and about 46.11 ± 0.49 at 24 hours after . 
administration; and about 44.72 ± 0.65 at 48 hours after administration, based on a basjsline . 
test of about 41.64 ± 0.54. 

, Any of the embodiments set forth above, which provide an effect further 
characterized by a mean warm detection threshold of about 42.97 ± 0.4 at 72 hours after 
administration. 

A formulation for providing local analgesia and/or anesthesia in a human, comprising 
a biocompatible, biodegradable carrier including a local anesthetic, said formulation being 
capable, of subcutaneous administration, said formulation providing an effect characterized by 
a warm detection threshold test in which the mean lowest increase in temperature from 32 C 
perceived by human patients occurs at from about 41.5 C to about 46.9 C &om about 2 to at 
le^st about 96 hours after administration, vfbste the mean baseline test is from about 41.1 to 
about 42.5, when the formulation iis administered via via perineurial, subcutaneous or 
intramuscular administration. 
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Any of die embodiments set forth above, which provide an effect wherein pinpricks 
are perceived as touch or pressure, having an onset of at least 0,5 hours and a duration of at 
least about 14 hours. 

' Any of tte mbodiments set forth above, wherein the effect lasts for about 110 hours. 

Any of the embodiments set forth, above, which provide a tactile perception block 
having an onset of at least about 1 hour and a duiation of at least about 3 hours. 

Any of the embodiments set forth above, which provide an effect wherein a 
temperature of S2^C is not perceived as painful, having an onset of at least about 1 hpur and a 
duration of at least about 2 days - 

Any of the embodiments set fortb above, wherein the effect lasts for at least about 2 

days. 

Any of the embodiments set fordi above, which provide an effect characterized by 
perception of a temperature as painful, said, temperature being at least 3*^0 greater than the 
temperabue Oiat is perceived as painfiil prior to admmistcation of the fomiulation, having an 
onset of at least about 1 hour and a duration of at least about 2.days. 

Any of the embodiments set forOi above, wherein ±e duration is at least about 4 days. 

Ai^ of the enibodiments set forth above, which provide an effect wherein a 
temperature of Sl^C is not perceived as warm, havmg an oriset of at least about 1 hour and a 
duration of about 4 days hours. 

Any of the embodiments set forfli above, which provide an effect characterized by a 
heat pain detection tineshold test in which flie median lowest tempemture above 32 C 
perceived as painful by human patients is as follows in degrees C: about 49.1 to about 50.2 at 
2 hours after administration; fiiom about 49.9 to about 50.9 at 4 hours after administration; 
about 50.9 to about 51 at 8 hours after administratioi^ fiom about 50.4 to about 50.75 at 24 
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hours after administration; from about SO.l to about 51.05 at 48 hours after administration; 
ftom about 49.4 to about 50.65 at 72 hours after administration; from about 49.05 to about 
50.3 at 96 hours after administration; and from about 49.4, to about 50.4 at 144 hours after 
administFatioD, based on a median baseline test .from about 48.9 to about 49. 1» when the 
ft)rmulation is administered via perineurial, subcutaneous or intramuscular administration. 

Any of the embodiments set forth above, which provide an effect characterized by a 
heat pain detection threshold test in which the median lowest temperature above 32 C 
perceived as painftil by human patients is as follows in degrees C: about 47; 1 5 to about 49.2 
at 2 hours after administration; from about 47.05 to about 50.3 at 4 hours after administration; 
about 47.3 to about 50.35 at 8 hours after administration; from about 47.3 to about 51.7 at 24 
hours afi^ administration; from about 47.75 to about 51.85 at 48 hours after administration; 
. from about 46.85 to about 50.95 at 72 hours after administration; from about 47.45 to about 
S1.2 at 96 hours after administration; based on a median baseline test from about . 46>8. to 
about 49, when .flie formulation is administered via perineurial, , subcutaneous or 
intramuscular administration. 

Any of fhe embodiments set forth above, which provide an efGsct characterized by a 
heat pain detection ttneshold test in which tiie mean lowest temperature above 32 C perceived 
. as painful by human patieiits is as follows in degrees C: about 48.8 to about 50.2 at 2 hours 
after administration; ftom about 49.2 to about 50.9 at 4 hours aft^ administratioz^ about 49.8 
to about 50.9 at 8 hours after administration; from about 50.5 to about 51.6 at 24 hours after 
administration; from about 49.4 to about 51.8 at 48 hours after administration; from about 
48.6 to about 5 1 .2 at 72 hours after administration; fix)m about 47.9 to about 51 . 1 at 96 hours 
after administration; and from about 48.9 to about 50.5 at 144 hours after administration, 
based on a mean baseline test from about 47.9 to about 49J2, when flie formulation is 
administered via perineurial, subcutaneous or intramuscular administration. 

Any of the embodiments set forth above, which provide an effect characterized by a 
heat pain detection threshold test in which the mean lowest temperature above 32 C perceived 
as painfiil by human patients is as follows in degrees C: about 49.25 ± 0.42.at 2 hours after 
administration; about 49.65 ± 0.41 at 4 hours after administration; about 50.15 ± 0.36 at 8 
houra after administration; about 51.09 ± 0,46 at 24 hours after administration; about 51.17 ± 
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0.64 at 48 houis after administnitiozi; about 50.73 ± 0.48 at 72 hours after administration; and 
about SO J ± 0.43 at 96 hours after administratioQ; based on a mean baselme heat pain 
detection threshold of about 48.52 ± 0.59, when the formutation is administered via 
perineurial, subcutaneous or intramuscular administiation. 

Any of the embodiments set ftrrth above, which provide a mean heat pain detection 
tiueshold of about 49.93 ± 0.52 at 144 hours after administration. 

Any of die embodiments set forth above, which provide an effect characterized by a 
heat pain detection threshold test in which the mean lowest temperature above 32 C perceived 
as painful by human patients is as follows in degrees C: about 49.54 ± 0.63 at 2 hours after 
administmtion; about 50.38 ± 0.53 at 4 hours after administration; about 50.3$ ± 6.52 at 8 
hours after administratioi^ and about 50.88 ± 0.42 at 24 hours after adadnistration; and about 
49^84 ± 0.47 at 48 hours after administmtion» based on a baseUne test of abput 48.iS3 ± 0.55, 
when die formulation is adniinistered' via perineurial, subcutaneous or intratnuscular 
administration. 

Any of the embodiments set forth above, which provide an effect fiirther 
characterized by a mean heat pain detection tfireshold of about 49.1 1 ± 0.48 at 72 hours after 
administration. 

Any of the embodiments set forth above, which provide an effect characterized by a 
cool detection threshold test in which flie mean lowest temperature perceived as cool from a 
baseline of 32 C by human patients, is as follows, in degrees C: from about 24 to about 24.5 
at 24 hours after administration; from about 24,5 to about 29.5 at 48 hours aft^ 
administration; from about 27.5 to about 29.8 at 72 hours after administration; from about 29 
to about 30 at 96 hours after administration; and from about 29.7 to about 30.2 at 120 hoiirs, 
i^en the formulation is administered via subcutaneous or intramuscular administcatiozL 

Any of tiie embodimerrts set forth above, which provide an effect characterized by a 
mechanical pain response itest in which human patients characterized ftie pain on stimulating 
the injected area 5 tunes with von Frey hair No. 17 on a Verbal Rank Scale of 0-10 where 0 - 
^no pain and 10 pain as bad as the patient clould imagine, as follows, based on a median 
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result for patients tested: about 1 at. 2 hours after administration; about 1 at 4 hours after 
administration; about 1 at 8 hours after administration; fiom about 0. to about 0.5 at 24 hours 
afier administration; from about 0 to about O.S at 48 hours after administration; fiom about 0 
to about 1 at 72 hours after administration; from about 0 to about 1 at 96 hours after, 
administration; and about 1 at 144 hours after administration, based on a median baseline test ' 
result of about 2, when the formulation is administered via perineurial, subcutaneous or 
intramuscular administration. 

Any of the embodiments set forfli above, which proAdde an efiGsct characterized by a 
mechanical pain response test in which human patients characterized the pain on stimulating 
the injected area 5 times with von Frey hair T>fo, 17 on a Veibal Rarfc Scale of 0-10 y^^here 0 =. 
no pain and 10 ^ pain as bad as the patient could imagine, as follows, based on a median 
result for patients tested: fiom about 1 to about 3.S at 2 hours after administration; fiom 
about 1 to about 4 at 4 hours after administration; fiom about 0 to about 4.S at 8 hours after 
administration; fiom about 0 to about 3.5 at 24 hours after administration; fix>m about 0 to 
about 4 at 48 hours sdter administratioxu from about 0 to about 3 at 72 hours afier 
administration; j&om about 0 to about 2.5 at 96 hours after administration;, based on a 
median baseline test result of fiom about 1 to ab6ut 2.5, when tiie formulation is administered 
visi perineurial, subcutaneous or intramuscular administration. 

Aisy of tiie embodiments set forth above^ which provide a e£fect characterized by a 
mechanical pain response test in which human patients characterized tiie pain on stimulating 
the injected area 5 times with vonFiey hair No. 17 ori a Verbal Rank Scale of 0-10 wh&te 0 » 
no pain and 10 « pain as bad as the patient could imagine, as follows based on a mean result 
for patients tested: bom about 0.9 to about 1 .5 at 2 hours after administration; fiom about 0.7 
to about LB at 4 hours after admmistration; fiom about 0.5 to about 1.3 at 8 houra after 
administration; fiom about 0.2 to about 0.8 at 24 hours after administration; fiom about 0.2 to 
about 1.0 at 48 hoiira after administration; fiom about 0.3 to about 1.3 at 72 houra after 
administration; fiom about 0.4 to about 2.1 at 96 hours after administration; and fiom about 
0.6 to about 2.0 at 144 houra after administration, based on a mean baseline test result of 
about 1 .6 to about 2.2, when the formulation is administered via perineurial, subcutaneous or 
intramuscular administration. 
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Any of the embodiments set fordi above, ^ch provide a efibct characterized by a 
mechanical pain response- test in which human patients characterized I3ie pain on stimulating 
the injected area S times with von Frey hair No. 17 on a Verbal Rank Scale of 0-10 where 0 - 
no pain and 10 =t pain as bad as the patient could imagine^ as follows based on a mean result 
for patients tested: fiom about 0.9 to about 4 at 2 hours after administration; from about 0.S 
to about 5 at 4 hours after administration; from about 0.1 to about 6 at 8 hours after 
administratioh; ftom about 0 to about 4 at 24 hours after administration; from about 0 to 
about S at 48 hours after administration; from about 0 to about 3 at 72 hours after 
administration; from about 0 to about 3 at 96 hours after administration; based on a mean 
baseline test result of about 1.2 to about 3.3, when the formulation is administered via 
perineurial, subcutaneous or intramuscular administration. 

Any of the embodiments set forth above, which provide a effect characterized by a 
mechanical pain response test in which human patients characterized the pain on stimulating 

r 

flie iiyected area S times widi von Frey hair No. 17 on a Verbal Rank Scale of 0-10 where 0 ^ 
no pain and 10 « paixi as bad as die patient could imagine, as follows based on a mean result 
for patients tested: about 1.31 ± 0.17 at 2 hours after administration; about 1.08 ± 0.18 at 4 
hours after administration; about 0.77 ± 0.26 at 8 hours after administration; about 0.33 ± 
0..14 at 24 hours after administiatioii; about 0.58 ± 0.42 at 48 hours after administration; 
about 0.83 ± 0.49 at 12 hours after administration; and about 1.08 ± 0.66 at 96 hours after 
administration, based on a mean baseline mechanical pain response of about 1.85 ± 0.3, when 
the formulation is admixiistered via perineurial, subcutaneous or intramuscular administration. 

Any of the embodiments set forth above, which provide a effect characterized by a 
mechanical pain response test in which human patients charact^ized the pain on stimulating 
the injected area 5 times witii von Frey hair No. 1 7 on a Verbal Rank Scale of 0-1 0 where 0 » 
no pain and 10 » pain as bad as the patient could imagine, as follows based on a mean result 
for patients tested: about LIS ± 022 at 2 horns after administiation; about 0.92 ± 0.18 at 4 
hours after administration; about 1.08 ± 0.26 at 8 hours after administration; about 0.58 ± 
0.19 at 24 hours after adnuuistxatioi^ about 0.75 ± 0.28 at 48 hours after administration; 
aixmt 1 ± 0.33 at 72 hours after adminisliatioi^ and about 1.42 ± 0.71 at 96 hows after 
administration, based on a mean baseline mechanical pain response of about 1.85 ± 0.27, 
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when the fonnulation is administered via perineurial, subcutaneous, or intramuscular 
administradoa 

Any of the embodiments set forth above,- which provide a effect characterized by a 
mechanical pain response test in which human patients characterized the pain on stimulating 
the injected area 5 times with yon Frey hair No. 17 on a Verbal Rank Scale of 0-10 where 0 = 
no pain and 10 - pain as bad as the patient could imagine, as follows based on a mean result 
for patients tested of from about 0.2 to about l.S at about 2 to about 72 hours after 
a()ministration> based on a mean baseline test result of about 1.6 to about 2.2, when the 
fomiulation is administered via perineurial, subcutaneous or intramuscular administration. 

Ally of the embodiments set forth above, which provide a effect characterized by a 
heat pain response test in which human patients characterized the pain on stimulating the site 
of injection wi^ 45 C for 5 seconds on a Veibal Rank Scale of 0-10 where 0 » no pain and 
ip = pam as bad as die patient cquld imagine, as follows, based on a median result for 
patients tested: team aboiit 0 to about 1 at 2 hours after administratiQn; about 0 at 4 hours 
after administration; about 0 at 8 hours after administration; about 0 at 24 hours after 
adbninistiatiocf; from about 0 to', abpiit 1 at 48 hours after administration; fiom about .0 to 
about 1 at 72 hours after admhiisbration; fiom about 0 to about 0.5 at 96 hours after 
administration; and about 0 at 144 houra after administration, based on a median baseline test 
result pf about 2, when the fonnulation is administered via perineuiial, subcutaneous or 
intramuscular administration. ' . - 

Any of the embodiments set forth above, v/bioh provide a effect characterized by a 
heat pain response test in which human patients characterized the pain on stimulating the site 
of injection wifli 45 C for 5 seconds on a Vetbal Rank Scale of 0-10 where 0 « no pain and 
10 « pain as bad as the patient could imagine, as follows, based on a median result for 
patients tested: from about 1 to aboirt 5.5 at 2 hours after administration; fiom about I to 
about 5 at 4 hours after administration; about 0.5 to about 5.5 at 8 hours after administration; 
from about 0 to about 5 at 24 hours after administration; fiom about 0 to about 5 at 48 hours 
after administration; from about 0 to about 4.5 at 72 hours after administration; from about 0 
to about 4 at 96 hours after administration; based on a median baseline test result of fiom 
about 1.5 to about 5, when the formulation is administered via perineurial, subcutaneous 6r 
intramuscular administration. 
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Any of fhe embodiments set forth above, which provide a effect characterized by a 
heat pain response test in which human patients characterized the pain on stimulating the site 
of injection with 45 C for 5 seconds on a Verbal Rank Scale of 0-10 where 0 - no pain and 
10 » pain as bad as the patient could imagine, as follows, based on a mean result for patients 
tested: from about 0.5 to about 1.4 at 2 hours after administration; firom about 0.2 to about 
1.3 at 4 hours after administration; about from about 0.1 to about 1.1 at 8 hours after 
administration; from about 0 to about 0.8 at 24 hours after administration; from about 0.4 to 
about 1.5 at 48 hours after administration; from about 0.3 to about L2 at 72 hours after 
administration; from about 0.3 to about 1.8 at 96 hours after administration; and from about 
0;5 to about 2.0 at 144 hours after administration, based on a mean baseline test result of from, 
about 1.9 to about 2.9» when the formulation is administered via perineurial, subcutaneous or 
intmmuscular administratiorL 

Aiiy of the embodiments set forth above» which provide a effect chaiacterized by a 
heat pain response test in which human patients characterized the pain on stimulating the site 
of iqection widi 45 C for 5 seconds on a Verbal REudc Scale of 0-10 where 0 » no pain and 
1 0 B pain as bad as the patient could imagine^ as follows, based on a mean result for patients 
tested: from about 0.75 to about 6 at 2 hours after administration; from about 0.6 to about 6 
at 4 hoiirs after admtnistcation; about from about- 0,4 to about 7 at 8 hours after 
adm]lli8tratio1^ from about 0 to about 6' at 24 hours after adnunistration; from about 0 to 
about 6 at 48 hours after administiatioti; from about 0 to. about 6 at 72 hours after ^ 
administration; from about Oto about 5 at 96 hours after administration, based on a mean 
baseline test result of from about LS to about 5.5, when tiie formulation is administered via 
perineuria], subcutaneous or intramuscular administration. 

Any of the embodiments set forth above, which provide a effect characterized by a 
heat pain response test in which human patients characterized the pain on stimulating the site 
of injection witii 45 C for 5 seconds on a Verbal Rank Scale of 0-10 where 0 « no pain and 
10 » pam as bad as tiie patient could imagine, as follows, based on a mean result for patients 
tested: about 0.69 ± 0.24 at 2 hours after administration; about 0.92 ± 0.42 at 4 hours after 
administration; about 0.69 ± 0.38 at 8 hours after administration; about 0.5 ± 0.29 at 24 hours 
after administration; about 032 ± 0.53 at 48 hours after administration; about 0.75 ± 0.49 at 
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72 hours after administration; and about 0.83 ± 0.58 at 96 hours after administcation, based 
on a mean baseline heat pain response of about 2.46 ± 0;48» when flie formulation is 
administered via perineuridy subcutaneous or intcamu^ 

Any of the embodiments set forth above, which provide a effect characterized by a 
heat pain responise test in which human patients characterized Hhe pain on stimulating the site 
of injection with 45 C for 5 seconds on a Verbal Rank Scale of 0-10 where 0 = no pain and 
lb = pain as bad as the patient could imagine, as follows, based on a mean result for patients 
tested: about 0.92 ± 0.47 at 2 hours after administration; about 0.46 ± 0.24 at 4 hours after 
administration; about 0.38 ± 0.24 at 8 hours after administration; about 0.17 ± 0.17 at 24 
hours after administratipn; about 0.92 ± 0.47 at 48 hours after administration; about 0.92 ± 
0.29 at 72 hours after administration, based on a mean baseline heat pain response of about 
2.38 ± 0.5 1» when the formulation is administered via perineurial, subcutaneous or 
intramusciiter administration. ; 

Any of the embodiments set forfli above, which provide an effect characterized by a 
mechanical pain detection threshold test m hutHan patients in which the median lowest 
number of the von Frey hair in wliich half of the stimulations produces a sensation of pain or 
uhpleasanlness is as follows: about :17 at 2 hours after adnunistration; about 17 at 4 hours 
after administration; about 18 at 8 hours after administration; about 18 at 24 hours after 
administration; about 18 at 48 hours aftbr administration; about 18 at 72 hours after 
admimstationi and about ^6.5 at 96 ho^ 

Any of the embodinients set forA above> which provide an effect characterized by a 
meehaxucal pain detection fhrphold test in human patients in which the median lowest 
number of the yon Frey hair in which half of the stimulations produces a sensation of pam or 
unpleiosantnesfli is as follows: about 16 at 2 houxs after administration; about 16 at 4 hours 
after administration; about 18 at 8 hours after administration; about 17.5 at 24 hours after 
adnunistration; and abbut 17 at 4^ 

Any of tiie embodiments sef forth above, which provide an effect characterized by a 
mechanical pam detectioti thresliold test in human patimts in which tiie median lowest 
number bf the von Frey hair in which half of the stimulations produces a sensation of pain oir 
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unpleasantness is fix>m about 16 to about 18 from about 2 to at least about 48 hours after 
administration, where the median baseline test is about IS. 

Any of the embodiments set forth above, providing an effect characterized by a 
mechanical pain detection threshold test in human patients in which the mean lowest number 
of the von Frey hair in which half of the stimulations produced a sensation of pain or 
unpleasantness is from about 15.1 to about 18 from about 2 to at least about 96 hours after 
administration. 

Any of the embodiments set fordi above, which provide an effect characterized by a 
mechanical touch detection threshold test in human patients in which the median lowest force 
or number of a von Frey bait which produces a sensation of touch or pressure in human 
patients is fiohi about 11 to about 14 from about 2 to at least about 96 hours after 
administration^ where the median baseline test is about 9. 

Any of flie embodiments set forth above, which provide an effect characterized by a 
mechanical touch detection flueshold test in human patients in ^hich the median Ipwest force 
or number of a von Frey hair which produces a sensation of touch or pressure in human 
jiatirats is from about 10 . tO- about 13 from about 2 to at least about 48 hours after 
administration, where the median baseline test is about 9. 

Any of die embodiments set fordi above, providing an effect characterized by a 
mechanical touch detection threshold test m human patients in which fbe mean lowest force 
or number of a von Prey hair which produces a sensation of touch or pressure in human 
patients is from about 10.4 to about 15 from about 2 to at least about 96 hours after 
administration, based on a mean baseline test from about 8.8 to abput 9.2. 

' Any of the embodiments set forth above, which provide an effect characterized by a 
mechanical touch detection threshold test in human patients in which the mean lowest force 
or number of a von Frey hair which produces a sensation of touch or pressure in human 
patients is from about 10.4 to about 13.7 from about 2 to at least about 48 hours after 
administration, where the mean baseline test is from about 8.8 to about 9.0. 
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Any of the embodiments set forth above, which provide an effect characterized by a 
warm detection Oireshold test in which the median lowest increase in temperature firom 32 C 
perceived by human patients, is from about 43 to about 46.8 firom a time of about 2 to at least 
about 48 hours after administration, based on a median baseline test from about 41.6 to about 
42.6. 

Any of the embodiments set forth above, providing an effect characterized by a warm 
detection threshold test in which the mean lowest increase in temperature firom 32 C 
perceived by human patients occurs at fiom about 41.5 C to about 46.9 C fipom about 2 to at 
least about 96 hours after adipinistration, where the mean baseline test is &om about 41 .1 to 
about 42.5. 

Any of the embodiments set fordi above, which provide a efifect characterized by a 
mechanical p^in response test in which human patients chaxacterized tiw pain on stimulating 
die injected aiea 5 times wifli vonFrey hairNa 17 on a Verbal Rank Scale of 0-10 where 0 » 
no pain and 10 » pain as bad as 4^e patient could imagme^ as foUows based on a mean res^^ ' 
for patients tested of fipm about 0,2 to about l.S at 2 to 72 hours after administration, based 
on a mew baselme test lesiilt of about 1 .6 to about 2.^^ 

EMBODIMENTS FOR INTERCOSTAL ADMINISTRATION 

Embodiments set forth above providing local analgesia, local anesthesia or nerve blockade in a 
human^ comprising a biocompatible, biodegradable carrier including a local anesthetic, said 
formulation providing an onset of local analgesia, local anesthesia or nerve blockade after intercostal 
administratipn in a human which^ upon first admtnistiation, occurs less than about 6 hours after 
administration, and a duration of local analgesia which lasts until at least about 1 day after 
adnunistration. 

Embodiments set forih above, wherein local analgesia, local anesthesia, or nerve blockade is 
provided witiiin fixDin about 1 to about 3 hours after intercostal administration. 

Embodunents set forth above, wherein the duration of local analgesia,, local anesthesia, or nerve 
blockade is at least until about 2 days after intercostal administration. 
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Embodiments set forth above, wherein tiie duration of local analgesia, local anesthesia, or nerve 
blockade is at least until about 4 days after intercostal administration. 

Embodiments set forth above, wherein the duration of local analgesia, local anesthesia, otnerve 
blockade is at least until about 1 0 days after intercostal administration. 

Embodiments set forth above, wherein the time to maximum effect of local analgesia, local 
anesthesia, or nerve blockade occurs from about 6 hours to about 2 days after intercostal 
administration. 

Embodiments set forth above, wherein die time to maximum effect of local analgesia, local 
anesthesia, or nerve blockade occurs at a time up to 9 days after intercostal administration. 

Embodiments set forth above v^imin the onset of local analgesia, local anesthesia, or nerve 
blockade occurs from about 3 to about 6 hours after intercostal admhustration. 

Embodiments set forth above wherein the duration of local analgesia, local anesthesia, or nerve 
blockade is from about 44 hours to about 75 hours, when administered mtercostally. 

Embodiments set forth above whereni the duration of local analgelsia, local anesfliesia, or n^e 
blockade is from about 5 hours to about 110 hours after onset of effect 

Embodiments set forth above i^erein the duration of local analg^ia, local anesthesia, or nerve 
blockade is fit>m about 30 hours to about 100 hours after onset of effect 

Embodiments set forth above wherein the duration of local analgesia, local anesthesia, or nerve 
blockade is from about 44 hours to about 75.0 hours after onset of effect 

Embodiments set forth above, which provides a effect characterized by a pin prick pain response test 
in which the degree.of pain was assessed by administering pin pricks in an area innervated by the 
intercostal nerve and assessed by 0, 1 or 2 wherein 0 means the subject did not feel any pinpricks, 1 
means the subji^t felt 2 or 3 piiq}ricks as touch or pressure and 2 means the subject felt 2 or 3 
pinpricks as sharp, as follows, based on a mean result for. patients tested: from about 1 to about 2 at 
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1 hour after admntislration; fiom about 0.S to about l.S at 2 hours after administratioii; from 0 to 
about 1 at 6 hours after administcation; fiom about 0 to about 0.7S at 24 hours after administratioit 

Embodiments set forth above, which provide 100% sensoiy block based on a pin prick test from 6 
hours to 24 hours ader administiation. 

Embodiments set forth above which provide 100% sensory block based on a pin prick test at about 2 
days after administiatioiL 

Embodiments set forth above which provide 100% sensoiy block based on a pin prick test at about 3 
days after administration. 

Embodiments set forth above which provide 100% sensoiy block based on a pin prick test at about 4 
days after administiatioiL ' \ 

Embodiments set forth above, wherein the duration of effect lasts for at least until about 4 days after 
administratioii. 

Embodiments set foifh above wherein said formulation provides a mean duration of 
analgesia/anesthesia effect from about 2 days to about 4 days. 

Embodiments set forfli above which provide 100% sensoiy block based on somestfaetic testing within 

2 hours after administration. 

Embodiments set forth above which provide a 100% sensoiy block based on somesbetic testiiig 
fiom about 2 hours to about 24 hours after administration. 

Embodiments set forth above which provides a effect characterized by a numbness response test in 
which human patients characterized the numbness on stimulating the site of injection on a Verbal 
Rank Scale of 0-10 wheie 0 = not numb and 10 « totally numb, as follows, based on a mean result 
for patients tested: about 0 to about 4 at 2 houts after administiation; about 0 to about 3 at 6 hour$ 
after administration; about 0 to about 2 at 1 2 hows and from 0 to about 2 at 24 hour& 

Embodiments set fordi above which exhibits total numbness at 2 days after administratioa 
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Embodiments set foiA above which exhibits total numbness at 4 days after administrntion. 

Embodiments set foith above which exhibits total numbness at 6 days after adimmstration. 

Embodiments set foifh above which exhibits total numbness at 8 days after administration. 

Embodiments set forth above^ wherein the maximum plasma levels of local anesthetic do not exceed 
Qoncentrations that cause systemic toxic reactions when administered intercostally. 

Embodiments set foith above, wherein the anesthetic is bupivacaine and the mean inaximum plasma 
concentration (Cmax) of bupivacaine does not exceed 4bOQng/mL when administered intercostally. 

Embodiments set forth ahovQ, wherein the mean Cmax of bupivacaine does not exceed 250 ng/mL, 
when adnitnisteKed intercostally. 

Embodiments set forth above, whetein flie mean Cmax of bupivacaine do not exceed about SO 
ng/mL» when administered intercostally. 

Bnobodiments set fordi above, wherein the mean Cmax of bupivacaine is from about 10 to about 20 
ng/mL» when adnumstered intercostally. ' 

Embodunents set forth above, wherein the augmenting agent is dexametfaasone and ffie mean Cmax 
of dexamethasone does not exceed 300 ng^mL. 

Btnbodiinente set forth above whetein ftte Cmax of dexametfaasone does not exceed 250 ng^nL. 

Embodiments set forth above wherein fiie Cmax of dexametfaasone does not exceed 200 ng/mL. 

A formulation for providing local analgesia in a hum^n, comprising a plurality of controUed.release 
microspheres comprising bupivacaine free base and a biocompatible, biodegradable polymer 
comprising a 6S:3S DL copolymer of lactic and glycolic acid having an inherit viscosity &om about 
0.25 to about 0:42 dL/g, a molecular weight of about 20 kDa to about 80 kDa, and fiee caiboxylic 
acid end groups, said bupivacaine fiee base being contained in said microspheres at a dnig loading of 
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fiom about 60% to about 85%, by weight, said microspheres being contained in a pharraaceutically 
acceptable diluent for tntracpstal injection at a concentration sufficient to provide a concentration of 
bupivacaine &ee base from about 4.5 mg/ml to about 36.0 mg/ml and providing a unit dose of 
bupivacaine free base from about 45 mg to about 360 mg^ said formulation providing an onset of 
local analgesia at the site of administration which occurs less than about 6 hours aiter administration, 
and a duration of local analgesia which lasts for at least about 1 day after administration. 

Embodiments set forth above, which further comprises a dosQ of a second local anesthetic in 
immediate release fozm, said second local anesthetic providing said fonnulation wi& an onset of 
activity not more than about 5 minutes after intercostal administration of the fonnulation. 

ITie fonnulation for providing local analgesia in a human, comprising a plurality of controlled 
release microspheres comprising bupivacaine free base and a biocompatible, biodegradable polymer 
comprising a 6S:3S DL copolymer of lactic aiui glycolic acid having an inherent viscosity fiom about 
0.25 to about 0.42 dL/g, a molecular weight of about 40 kDa, and free carboxylic acid end groups, 
said bupivacaine free base being contained in said microspheres at a drug loading of from about 60% 
to about 85%, by weigji^ said microspberes being contained in a phazmaceutically acceptable diluent 
for intercostal administraUoh at a concentration suf&cient to provide a concentration of bupivacaine 
free base from about 4.5 mg/ml to about 36.0 mg/ml and providing a.unit dose of bupivacaine free 
base from about 45 mg to about 360 mg, said fonnulation providing an onset of local analgesia at the 
site of administration which occurs less dian about 2 hours after adqunisttation, and a duration of 
* local analgesia which lasts for at least about 1 day after administratioa 

Embodiments set forth above, which further comprises a dose of a second local anesthetic in 
immed^te release form, said second local anesthetic providing said formulation with an onset of 
activity not more than about 5 minutes after intercostal administratioii of ttie formulation. . 
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EMBODIMENTS FOR SUPERFICIAL PERONEAL ADMINISTRATION 

A fonnuladon for providing local analgesia, local anesthesia or nerve blockade in a human, 
comprising a biocompatible, biodegradable carrier including a local anesthetic, said formulation 
providing an onset of local analgesia, local anesthesia or nerve blockade after administration at a 
single nerve in a hmnan which, upon first administration, occurs less than about 6 hours after 
administration, and a duration of local analgesia which lasts until at least about 1 day after 
administration to a single nerve. 

Embodiments set forth above, wherein said single nerve is the superficial peroneal nerve. 

Embodiments set forth above, wherein the onset of local analgesia is withm 30 minutes after 
administmtipn. . 

Embodiments set forth above, wherein the duration of local analgesia after onset is about 1 day to 
about 7 days. 

Embodiments set forth above» wherein die local analgesia is measured by a pin prick response test in 
which the degree of pain was assessed by administering pin pricks in an area innervated hy fhc 
superficial peroneal nerve and assessed by 0, 1 or 2 wherein O means the subject did tiot feel any 
pinpricks (anesthesia), 1 means .the subject fett 2 or 3 piiqpiicks as touch or pressure or felt one as 
touch or pressure and 1 as shaip (analgesia) and 2 means fbe subfect felt 2 or 3 pinpricks as sharp. 

Embodiments set forth aboye, wherein die maximum plasma biipiviicaine conc^itration is less than 
about 25 ng^mL based on administration of 27 mg bupivacaine. 

Embodiments set forfli above, wherein the maximum plasma bupivacaine concentration is less than 
about 1 S ng/mL based on administration of 27 mg bupivacaine. 

Embodiments set forth above, wherein the maximum plasma bupivacaine concentration is less than 
about S n^mL based on administration of 27 mg bupivacaine. 

Embodiments set forth above which provides a block of temperature perception in a human patient 
up to 7 days after administration. 
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Embodiinents set foifh above which pnovides a block of tecnpetatuie perception in a human patient 
up to S days after administration. 

Embodiments set forth above which provides a block of temperature perception in a human patient 
lip to 2 days after administratioiL 

Embodiments set forth above which provides a block of temperature perception in a human patient 
up to 1 day after administration. 

Embodiments set forth above wherein the temperature change is measured by touching the 
assessment area with a cold alcohol swab and instructing the human 'Tell me if you feel any change 
in temperature when I touch this swab to your skin" wherein a ''yes" indicates the human felt a 
change in temperature and a ''no" indicates that the human did not fell a change in temperature. 

Embodiments set forth above which provides an onset of numbness m a human patient wifiiin 30 
minutes after administration. 

Embodiments set forth aboye wherein flie numbness is measured by a numbness response test in 
which human patients characterize.&e numbness upon stimulation of the site of injection on a Verbal 
Rank Scale of Orl 0 where 0 " not numb iemd 10 » totally numb. 

Embodiments set forth above, which provides a effect characterized by a numbness response test in 
which human patients chaxacterized the numbness on stimulatii^ the site of injection on a Veibal 
Rank Scale of O7 1 0 where 0 = hot numb and 1 0 » totally numb, as follows, based on a mean result 
for patients tested: about 0 to about 5 at 1 hours after administcati(»^ about 0 to about 4 at 6 hours 
after admmistcation; about 0 to about 3 at 12 hours and fix>m 0 to about 3 at 24 hours.* 

Embodiments set fortii above providing local analgesia in a human, comprising a plurality of 
controlled release microspheres comprising bupivacaine free base and a biocompatible, ' 
biodegradable polymer contusing a 65:35 DL copolymer of lactic and glycolic acid.having an 
inherent viscosity from about 02 to about 1 .0 dL/g and a molecular weight of about 20 kDa to about 
150 kDa, said bupivacaine free base being contained in said microspheres at a drug loading of from 
about 60% to about 85%, by weig^it, said microspheres being contained in a pharmaceutically 
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acceptable diluent for adnunistFatioii at the superficial peroneal nerve at a concentration sufBcient to 
provide a concentration of bupivacaine fiee base fiom about 4.5 mg/ml to about 36.0 mg/ml and 
providing a unit dose of bupivacaine iGcee base from about 45 mg to about 360 mg» said formulation 
providing an onset of local analgesia at the site of administration which occurs, less than about 6 
hours after administtation. and a duration of local analgesia which lasts for at least about 1 day after 
administration. 

Embodiments set forth above» which further comprises a dose of a second local anesthetic in 
immediate release form, said second local anesthetic providing said formulation with an onset of 
activity not more than about 5 minutes after administration at the peroneal nerve. 

Embodiments set forth above providing local analgesia m a human, comprising a plurality of 
controlled release microspheres comprising bupivacaine free base and a bioconq)atible, 
biodegradable polymer comprising a 65:35 DL copolymer of lactic and glycolic acid having an 
inherent viscosity from about 0.2 to about 1 .0 dL/g and a molecular weight of about 20 kDa to about 
150 kDa, said bupivacaine free base being contained in said microspheres at a dmg loading of from 
about 60% to about 85%, by weight, said microspheres being contained in a phannaceutically 
acceptable diluent for administration at the superficial peroneal nerve at a concentration sufBcient to 
provide a concentration of bupivacaine fiee base fix)m aboiit 4.5 mg/'ml to about 36.0 mg^ml and 
providing a unit dose of bupivacaine fiee base from about 45 mg to about 360 m& said formulation 
providing an onset of local analgesia at die site of administration which occurs less than about 2 
hours after administiation, and a duration of local analgesia which lasts for at least about 1 day after 
administratioa 

Embodiments set forth above, which further comprises a dose of a second local anesthetic in 
immediate release fotm, said second local anesthetic providing said formulation witii an onset of 
activi^ not more than about 5 minutes after superficial peroneal nerve administration of the 
formulation. 

gMBODIMEfff S FOR SUPERFICIAL RADIAL NERVE APMINISTRATION 

Any of the foregoing embodiments formulation for providing local analgesia, local anesthesia or 
nerve blockade in a hmnan, comprising a biocompatible, biodegradable carrier including a local 
anesthetic, said formulation providing an onset of local analgesia, local anesthesia or nerve 
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blockaite after administiation to ti2e sopeifidal radial nerve m 

administxation, occurs less than about 6 hours after administration, and a duration of local 
. analgesia which lasts until at least about 1 day after admmistration to a single nerve. 

Embodiment above wherein said single nerve is ttie siq)erficial radial nerve. 

Embodiments set forth above wherein the onset of local analgesia is about 0.2S to about 6 hours 
after administiation. 

Embodiments set forth above wherein the duration of local analgesia after onset is about IS to 
about 240 hours. 

Embodiments set forth above wherein the local analgesia is measured by a pin prick response test 
in which the degree of pain was assessed by administering pin pricks in an aiea innervated by the 
superficial radial nerve and assessed by 0, 1 or 2 wherein O means the subject did hot feel any 
pinpricks (anesthesia), 1 means the subject felt 2 or 3 pinpricks as touch or pressure or felt one as 
touch or pressure and 1 as shaip (analgesia) and 2 means the sutgect felt 2 or 3 pinpricks as 
sharp. 

Embodiments set forth above wherein the maximum plasma bupivacaine concentration is less 
flian about SO ng^mL based on administration of S62S mg bupivacaine. 

Embodiments set forth above wherein the maximum plasma bupivacaine concentration is less 
than about 3S ng/!mL. based on administration of S6.2S'mg bupivacaine* 

Embodiments set forth above wherein (he maximum plasma bupivacaine concentration is less 
than about 2S ng^mL based on administration of S6.2S mg bupivacaine* 

Embodiments set forth above wherein the maximum plasma bupivacainie concentration js less 
ttian about IS ng/mL based on administration of 56.2S mg.bupivacaine. • 

Embodiments set forth above which provide a block of temperature percq)tion in a human 
patient up to 7 days after administration. 
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Bmbodiments set foctli abofve which provides a block of temperature perception in a human 
patient up to S days afieradministcation. . 

' Embodiments set fottti above which provides a block of temperature perception in a human 
patient up to 2 days after administration. 

Embodiments set forth above which provides a block of temperature perception in a human 
patient up to 1 day after administration. 

Embodiments set forth above wherein flie temperature change is measured by touching the 
assessment area with a cold alcohol swab and instmcting the human *Tell me if you feel any 
change in temperature when I touch this swab to your skin'* wherein a "y^'' indicates the human 
. felt a change in temperature and a ' W indicates that the human did not fell a change in 
temperature. 

Embodiments set forth above which provide an onset of numbness in a human patient within 30 
minutes after administration. 

Embodiments set forth above wherein flie numbness is measured by a numbness response test in 
v/bich human patients chaiact^ize die mmbness upon stimulatibn of the site of injection on a 
Veibal Rank Scale of (KIO where 0 = not numb and 10 « totally 

ErnbodimentB set forth above which provide a effect characteriizsed by a numbness response test 
in which human patients clunacterized the numbriess on stimutatiiig the site of injection on a 
Verbal Rank Scale of 0-10 where 0 = not numb and 10 - totally numb, as follows, based on a 
• mean result for patients tested: about 0 to about 5 at 1 hours after administration; about 0 to about* 
4 at 6 hours after administration; about 0 to about 3 at 1 2 hours and ftom 0 to about 3 at 24 hours. 

Embodiments set forth above which provides total numbness (0) at 2 days after administration. 

Embodiments set forth above which provides total numbness (0) at S days after administration. 

Embodiments set forth above which provides total numbness (0) at 7 days after adrninistration. 
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Embodiments set forth above wherein the anesthetic is bupiyacaine and the fomiulation provides 
a Cmax of bupivacaine less than 2S0 n^ml based on a 27 mg dose. 

Embodiments set forth above wherein the fomiulation provides a Cmax of bupivacaine less than 
200 ng/ml based on a 27 mg dose. 

Embodiments set forth above wherein the fomulation provides a Cmax of bupivacaine less than 
ISO ng^ml based on a 27 mg dose. 

Embodiments set forth above wherein the formulation provides a Cmax of bupivacaine less than 
100 n^ml based on a 27 mg dose. ... * 

Embodiments set forth above wherein the maximum plasma bupivacaine concentration is less 
than about 50 ng/mL based on a 27 mg dose. 

.Embodiments set forfh above providing local analgesia in a human, comprising a plurality of 
controlled release microspheres comprising bupivacaine fiee base and a biocompatible^ , 
biodegradable polymer cbmprising a 65:35 DL copolymer of lactic and glycolic acid having an 
inherent viscosity fiom about 0.2 to about 1 .0 dL/g and a molecular weight of about 20 kDa to 
about 150 kDa, said biqyivacame fiee base being contained in said microspheres at a dmg loading 
of fiom about 60% to about 85%, by weight, sdd microspheres being contained in a 
phannaceutically acceptable diluent for administration at the superficial radial nerve at a 
concentration sufiBcient to provide a concentration of bupivacaine fiee base from about 4.5 
mg^ml to about 36.0 mg/ml and providmg a unit dose of bupivacaine fiee base fiom about 45 mg 
to about 360 mg, said formulation providing an onset of local analgesia at the site of 
administration which occurs less than about 6 hours afier administration, and a duration of local 
analgesia which lasts for at least about 1 day afi^ administration. 

Embodiments set forth above which fiirther comprises a dose of a second local anesthetic in 
immediate release foim, said second local anesthetic providing said fomiulation wifii an onset of 
activity not more flian about 5 minutes after adntinistration at a single nerve. 

Embodiments set forth above providing local analgesia in a human, comprising a plurality of 
controlled release microspheres comprising bupivacaine free base and a biocompatible, 
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biodegradable polymer comprising a 65:35 copolymer of lactic and glycolic acid having an 
inherent viscosity from about 0.2 to about 1 .0 dL/g and a molecular weight of about 20 kDa to 
about 150 kDa, said bupivacaine fiee base being contained in said microspheres at a drug loading 
of from about 60% to about'85%, by weight, said microspheres being contained in a 
pharmaceutically acceptable diluent for administration at the superficial radial nerve at a 
concentration sufficient to provide a concentration of bupivacaine free base from about 4.5 
mg^l to about 36.0 mg/ml and providing a unit dose of bupivacaine free base from about 45 mg 
to about 360 mg, said formulation providitig an onset of local analgesia at the site of 
administration which occurs less than about 2 hours after administration, and a duration of local 
analgesia which lasts for at least about 1 day after administration. ' 

Embodiments set forth above which further comprises a dose of a second local anes&etic in 
immediate ielease form, said second local anesdietic providmg said fonnulation wiUi an onset of 
activity not more than about S minutes after superficial radial nerve administmtion of tfie 
, forinulatioa 

The following exanq^leis illustrate various aspects of tlie present invention. They are 
not to be constmed to linut fte claims in any inanner whatsoever. 

EXAMPLE 1 

Manuffactore of BttPlvacaine/Folvmer Microcapsiiies flPLA^ 
In Example 1, microcapsules comprising polymer and bupivacaine axe prepared as 
follows. An oil-in*water emulsion was formed from an aqueous solution containing a 
surfactant (process water) and an o^anic solvent (oil) solution containmg^g and polymer. 
Following emulsification, die solvent was removed m an aqueoUs qurach allowing the 
microcapsules to harden. 

Materials: 

Process water (aqueous phase) was prepared as follows: 1 Kg of polyvinyl alcohol 
(PVA) was added to 100 L of water for injection (WFI). The WFI was mixed and heated to 
approximately 95*C to dissolve the PVA. The dissolution of PVA required approximately 3 
hours, following which the tempemture of the solution wais reduced to approximately 25*^C. 
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Finally, 7.3 L (6.S Kg) of eihyl aoelate NF (Spectrum) was stilted into die PVA solution to 
fonn tiie process water (aqueous phase) of the emulsion. 

The polymei/dmg solution (organic phase) was prepared as follows: 1.4 Kg of 
Medisorb 65:35DL-3A PLGA (inherent viscosity = 0.25-0.42 dL/g, molecular weight 
approximately 40 kDa, "40K"), hydrophilic (acid end-groups) was dissolved in 37.3 L (33.4 
Kg) of ethyl acetate NF imder ambient conditions. Next, 3.6 Kg of bupivacaine base 
(Qrgamol) was added to the polymer solution and mixed until dissolved. The quench solution 
consisted of approximately 2500L of WPI at about 18-22'^C. Hie formula for preparation of 
this batch is given in Table 2 below: 



TABLE 2 



Material 


Amount in batch 


Theoretical Percent 
of Final Product 


65/35 DL PLGA, 
"401?', acid end 
groups 


1.4 Kg 


28% 


Bupivacaine base 


3.6 Kg 


72% 


Eihyl acetate 


3.9 Kg 


NA* 


Polyvinyl alcohol 
(PVA) 


IKg 


NA* 


Deimtized water . 


2600L . 


NA* 


* Used in manuftetme; the e 
ippeaa in ttaee quantiiy only. 


omponent is not pntent 


in die finislied pradnct or 



Process: 

The organic phase and the aqueous phase were pumped simultaneously through a 
1.375" diameter by 6 element static. mixer to form an emulsion. The organic phase was 
pumped at a rate of 2 Kg/minute and tiie aqueous phase at 4Kg/^minute» into tiie quench 
solution, which was being stirred mechanically. Both tiie organic and aqueous phases were 
filtered via in-line filters before they were presented at the static mixer. The quench solution 
was then stirred for 1.5 hour, after which the product was passed through 125 and 25 /xm 
sieves. These sieves were present in a SWECO sanitary separator. The SWECO separator is 
designed fpr collection and drying of microcapsules and consists of a stack of two sieves 
present above a motor capable of providing vibratory motion. FoUowmg collection of the 
microcapsules in the SWECO separator, the microcapsules were dried by applying vacuum to 
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the SWECO. Hie dried microcapsules were collected after approximately 60 hrs and the yield 
(25-125 jm) was 3.157 Kg. 

EXAMPLE2 

Mannfacture of BttPivacaineflPegamethasone^olvmerMifcrocapsnles OSPLA) 
In Example 2, microcq)sales comprising polymer, biq>ivBcame and an augmenting 
agent (dexamefliasone) are prepared as follows. An oil-in-water emulsion was formed from 
an aqueous solution containing a surfactant (prodess water) and an organic solvent (oil) 
solution containing drug and polymer. Following emulsification, the solvent was removed in 
an aqueous quench allowing the microcapsules to harden. 

Materials: 

Process water (aqueous phase) was prepared as follows: 1 Kg of polyvinyl alcohol 
(PVA) was added to 100 L of water for injection (WFI). The WFI was mixed and heated to 
approximately 95**C to dissolve the PVA. The dissolution of PVA required approximately 3 
hrs following which the temperature of the solution was reduced to approximately 25^C. 
Finally, 7.3L <6.S Kg) of ethyl acetate MF (Spectrum) was stirred into the PVA solution to 
form the process water (aqueous phase) of the emulsion. 

The polymer/driig solution (organic phase) was prepared as follows: 1.4 Kg of 
Medisorb 6S:3SDL-3A PLGA (inherent viscosity^ 0.25-0.42 dl/g, MW approximately 40 
kDa, "403n» hydrophilic (acid end-groups) was dissolved in i73 L (33.4 Kg) of etlqrl 
acetate NF under ambient conditions. Next» 2.8 g dexametihasone (Upjohn) was added. Then, 
3.6 Kg of biipivacame base (Qrgamoi).was added to the polymer solution and mixed until 
dissolved. The quench solution consisted of approxmrntely 2500 L of WFI at 18-22X. 

The formula for preparation of this batch is given in Table 3 below: ' 
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Material 


Amoant in Batch 


iBcoreucai jrerccoi 
of Final Product 


65/35 DL PLGA, "40K", acid end 
groups 


1.4 Kg 


28% 


Bupivacainebase 


3.6Kg 


72% 


Dexametliasone 


2.8 g (overage of 40%) 


0.04% 


Etiiyl acetate 


39.9 Kg 


NA* 


Polyvinyl alcohol (PVA) 




NA* 


Deionized Water 


2600 L 


NA* 


* XJsed in maimfiwlnre; the component is not pi^^ 


n ttn finished product or appean in trace quantity only. 



Process: 

The organic phase and the aqueous phase were pumped simultaneously through a 
1375" diameter by 6 element static mixer to form an emulsioii. The organic phase was 
pumped at a rate of 2 Kg/minute and the aqueous phase at 4 Kg/minute/ into the quiench 
solution^ which was being stirred mechanically. Both the organic and aqueous phases were 
filtered via in-line filters before they were presented at the static mixer. The quench solution 
was* then stkred for 1.5 hours, after which the product was passed through 125 aind 25 fwi 
sieves. The sieves were presetit in a SWECX) sanitary separator. The SWECO sq)aiator is 
designed for collection and drying of microcapsules and consists of a stack of two sieves 
present -above a motor capable of providing vibratory motioru Following collectim of the 
microcapsules in the SWECO sq>aratot, Ifae microcapsules were dried by applying vacumn to 
.the SWECO. The dried microcapsules were collected after approximately 60 hours and the 
yield (25-125 jrni) was 3.365 Kg. 

- EXAMPLE 
Mannfactnre of 40K ^flcyyffp^eres lyiffa 3% oyerasef 

In Example 2A, microcapsules comprising polymer, bupivacaine,' and an augmmting 
agent (dexametfaasGne), having a 75% Bupivicane base load was prepared, using the 
materials and process of Bxan^le 2. The formula for the preparation of this batch is given in 
table 3A: 
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TABLESA 


PCTAJS02/02461 


'Material 


Amount in Batch 


1 Qsoreucai Jrcrceoi 
of Final Product 


65/35 DL PLGA. •*40K", acid end 
groups 


MKg: 


28% 


BupivBcainehase 


3.6 Kg • 


75% (3% overage) 


DexameQiaspne - 


2.8 g (overage of 40%) 


0.04% ^ 


Elbyl acetate 


39.9 Kg 


NA* 


Polyvinyl alcohol (P VA) 


IKg 


NA» 


Deionized Water 


2600L 





^ Used in namifBCtiire; the ooraponent.is not present in ifie finished pndnct or appeais in tncc quantity only. 



EXAMPLE 2B 
Mannfactnre of 40K Microspheres 10 Kg scale batches. 

In Example 2B, microcapsules comprising polymer, bupivacaine, and an augmenting 
agent (dex:ametliasone), having a 75% Bupivicane base load was prepared, using the 
xnaterials and process of Example 2. The formula for the preparation of this batch is given in 
taibleSB: 



TABLE 3B 



Material 


Amount in Batch 


. Theoretical Percent 
of Final Product 


65/35 DL PLGA. '*40K", acid end 
groups 


2.8 Kg 


28% 


BupivacainebiBse 


7.2 BCg 


72% 


Dexatnefliasoiie 


Eiflier 5.6 g (40% overage) 
or 5.2 g (30% overage) . 


0.04% 


E&yl acetate 


79.8 Kg 


NA* 


Polyvinyl alcohol (PVA) 


2Kg 


NA* 


Deionized Water 


4200 L 


NA* 



* Used in manu&cture; iSbo component is not present in the finished product or appears in trace ({uantity only. 



EXAMPLES , ' 
Manufactore of 120K Microspheres 

In order to produce a formulation using polymer of higher molecular weight, the same 
process lised^ in Example 2 was used with a po^or of 120IcDa, e.g., 65/35 DL PLGA, 
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'*120K'\ with acid end groups. The proportion of the relative amounts of drug and polymer 
were the same for the high molecular weight fonnulation ("120K"). 

The formula for preparation of this batch is given in Table 4 below: 



TABLE4 



' Mat^ial . 


Amount in Batcli 


Theoretical Percent 
of Final Product 


65/35 DL PLOA, "120IC, acid end 
groups 


1.4 Kg 


28% 


Bttphracame base 


3.6 Kg 


72% 


Dexame&asone 


2.8g(oveiageof40%} 


0.04% 


Ediyl acetate 


39.9 Kg 


NA* 


Polyvinyl alcohol (PVA) 


IKg 


NA* 


Deionized Water 


2600 L 


NA* 



^ Used iniDaoufacture; thecoo^iKient is notjneseat intbs finished product or appeals in trace qnantiiy only. 



EXAMPLE 4 
Manufacture of 80K EDLA Microspheres 

Materials: 

Process water (aqueous phase) was prepared as follows: A 1% stock solution of 
polyvmyl alcohol (PVA) was prepared hy the addition of 30 g PVA (Spectrum) to 3.0L of 
deionized water and heatod while mixing to until dissolved. The PVA solution was 

cooled to ambient temperature and 9.S to 3.0L. Nex:^ 375 ml of the stock VA solution was 
diluted with 1 125 mml of deionized water. Fmally 90 ml (80.1 ^ of ethyl acetate MF 
OFisher) was stirred into the process water prior to forming the emulsion. 

The polymei/drug solution (organic phase) was prepared as follows: 5.6 g of 
Medisorb 65:35DL PLGA (inherent viscosity « 0.5-0.6 dl/g) was dissolved m 150 ml 
(133.5g) of ethyl acetate NF under ambient conditions. Next, 0,01 15 g dexamethasone 
(Upjohii) was added. Then, 14.4 g of bupivacaine base (Orgamolj was added to the polymer 
solution and sonicated until dissolved. Finally, tiie organic phase was filtered through a 022 
Mm PTFE filter. 
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Hie quench solution consisted of 8 L of deionized wafer at room temperature (RT). 

Process: • i. » 

The organic phase and the aqueous phase were pumped simultaneously through a Vi-' 
diameter by 21 elem^t static mixer (Cole Parmer) to form an emulsion. The organic phase 
was pumped at a rate of 500 ml/minute and the aqueous phase at 1000 ml/minute, into the 
quench solution, which was being stirred mechanically (SOD rpm). The quench solution was 
then stirred for 1.5 hour, after which the product was passed through 125 and 25 sieves. 
The 25-125 pm portion was collected on 10 ^m filter paper and dried 4 hours under vacuum 
followed by air drying overnight The process yield was 14.2 g of 
bupivacaine/dexamethasone-loaded microspheres (EDLA). 

BM1^^b;4A 

Manofacture of 80KEDLA Microspheres fScaled-^Up) 

In order to produce a fonnulation using another polymer of hig^ moleculai weighty 
die same process used in Exan^Ie 2 was used with a polymer of SOkDa^ e.g., 65/35 DL 
PLGA, "80K"» with iEu:id dnd.gjtoups. The proportion of the relative, amounts of drug and 
polymer were tihe same for Oie high molecular wdght foimuktion ("80K^^ 

The formula for preparation of this bateh is given in Table 5 below: 



TABLES 



1 ... 

Material 


Amount in Batcli 


Theoretica] Percoit 
of Final Product 


6S/3S DL PLGA. "SOK", acid end 

groups • 


1.4Kg 


28% 


Bupivwiatiie base 


3.6Kg 


72% 


Dexameifaasone 


2.8 g (overage of 40%) 


0.04% 


Ed^l acetate 


39.9 Kg 


NA*; 


Polyvii^l alcoliol (PVA) 


IKg 


NA*. 


Deionized Water 


2600L 


NA* 



* Used in nuunftetuf^ (he compiwent is Mk inesent in tte finisM 
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In Example 4, micirocapsules comprising polymer, bupivacaine, and an augmenting 
agent (dexamediasone) are prepared as follows. An oil-in-water emulsion was formed from 
an aqueous solution containing a surfactant (pxiocess water) and an organic solvent (oil) 
solution containing drug and polymer. Following emulsification, the solvent was removed in 
an aqueous quench allowing the microspheres to harden. 



EXAMPLES 
Preparation of Infection Medium 
An injection medium was prepared utilizing the ingredients as set fordi below in 
Table 6. The medium is isotonic. The isotonic mediimi was prepared by mixing sodium 
caiboxymetfaylcellulose. polysorb^te 80, mannitol in sterile water. The resulting isotonic 
diluent was then ffltered and terminally sterilized by autoclaving. 

TABLE 6 

Ingredients Composition famount / mL^ 

Sodium Carboxyme&ylcellulose,USP (CMC) O.OlOOg 

Polysorbate80,NF(Tween80) O.OOlOOg 

MannitoJ,USP O.OSOOg 

Sterile Water for hgection, USP/EP (WFl) qs to 1 .0 mL 

O.OlN.Glaciai Acetic Acid solution* ^ / as needed 

O.OIN Sodium Hydroxide solution'*' .as needed 

Nitrogen, NF** . — 

Total LOmL 

^Used to.adjust the pH of the.diluent to 7.2 to 7.6 
**Pioyided inm atmosphere 

A quantity sufficient of Sterile Water for Injection, USP/EP (WFI) was mixed in a 
sterilized vessel at 500 to 600 RPM. The temperature of the WFI was+15**C to +30*'C. Hie 
mixing rate was increased to create a vortex and Sodium Carboxymethylcellulose, USP 
(CMC) was sifted into the WFL The mixing rate was then reduced to 500 to 600 RPM This 
solution was mixed for 60 ± 5 minutes. After tiie CMC was dissolved, the Polysoibate 80, NF 
(Tween 80) was added to the vessel. This solution was mixed for 10 ± 3 minutes. After tfie 
Tween 80 had dispersed, the Mannitol, US/EP was added to the vessel. This solution was 
mixed for 10 ± 3 minutes. After the Mannitol, US/EP had dissolved, the pH of the solution 
was measured If the pH was above 7.2, then the pH was adjusted by addfaig small increments 
of COIN Glacial Acetic Acid/ If the pH was below 7.6, then ttie pH was adjusted wifli small 
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inciements of O.OIN Sodium Hydroxide. The solution was mixed for 5 ± 1 minutes at 500 to 
600 RPM after each inctemeutal addition. After ihe pH was adjusted^ a quantity sufiBcient 
WFI was added to reach the final solution weight The solution was mixed for 10 ± 2 
midtttes. The pH of Ate solution was measured. If ihe pH was above 7.2, then the pH was 
adjusted by adding small increments of O.OIN Glacial Acetic Acid If the pH was below 7.6, 
then the pH was adjusted with small increments of O.OIN Sodium Hydroxide. The solution 
was mked fio 5 ± 1 minutes at SOO to 600 RPM after each incremental addition. 

A clarification filtration was performed on the resulting isotonic diluent with a 
0.2fim Millipoie Durapore filter. Sterilized vials were aseptically filled wifii die filtered 
isotonic diluent The yials were tiien sealed with sterilized seals. The sealed vials were ihen 
terminally sterilized m a Barriquand Sterilizer at 123*^C ± l^C for 42 ± 1 minutes, D value 
2.17. ' ■ ' 

IN-yiTRO RELEASE OF BUPIVACAINE FROM MICROCAPSllLES OF 

EXAMPLES1AND2 

The in-vitro release of bupivacaine tcom the microcapsules of Examples 1 and 2 was 
examined. Dissolution was performed by using USP Apparatus 2 Paddle Method <71 1> at 
100 rpm at 37^. A 80 mg + 3 mg of sample, irrespective of microcapsules formulation, was 
employed per vessel containiQg 900 mL of 10 mM Sodium Phosphate BufGsr, pH 3.0. The 
sanq}le8 (clear solution) were wiflubawn at preset tone intervals and analyzed for bupivacaine 
base by HPLC. The HELC conditions aie: 

Column: Waters Nova^Pak, Cw, 150 x 3.9 mm 

Tempemture: . 25^*0 
FlowRate: 2.0ml/inin 

Mobile Phase: 30:70 CH3CN : H2O with 50 mM C6Hs67Na3 with 0.2% TEA. pH 6.0 
Injection volume: 50^ 
Det^on: . 240mn 

The in-vitro release of Examples 1 and 2 is shown in Figure 1. The in-vitro release of 
bupivacaine fiK>m the . bupivacaine-laden PLGA (approximately 40 kDa) microcapsules 
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containing bupivacaine and dexamethasone (Example 2; alternatively referred to herein 
"EDLA'O is essentially identical to that of microcapsules containing no dexamethasone 
(Example .!; alternatively refened to herein as "IDLA"). The presence or absence of 
dexamethasone therefore has no inQ>act .on..fhe release mechanism of bupivacaine from 
micxDcapsules in-vitro. 

m.vrrpn RTCT EASE of BUPIVACAINE FROM 401C 80K and 120K 

MICROSPHERES 

The inryitro release of bupiyacame from the microspheres of Examples 2 (batches 1* 
4), ZA» 3, and 4 was examined. Dissolution was performed by using USP Apparatus 2 Paddle 
Method at 100 rpm at 3TC. A 80 ing ± 3 mg of sample, irrespective of micro^here 
formulation, was employed per vessel containing 900 mL of 10 mM Sodium Phosphate 
Buffer, pH 3.0. The samples (clear solution) were withdrawn at preset time intervals and 
analyzed for bupivacaine base by HPLC. 
Tbe HPLC coiiditioins.arp: 

Column: Waters Nova-P^ Cig, ISO x 3.9 mm 

Tenqieratuie: . 2S*^C < 
FIowRc^: 2.0mL^ain 

Mobia^ Phase: 30:70 CHsGN: HaO with 50 mM C6Hs07Na3 with 0.2% TEA. pH 6.0 
Injectipn volume: SOpL 
DetQctioii: 240 nm 

' • ■ ■ . i 

The in-vitn> release of bupivacaine from die lower MW PLCfA (approximately 40K) 
microspheres shows substantially higher release compared to flie release from the higher MW 
(approximately 80K and apifmxiinately 120K) PLGA as shown in Figure 2. The release from 
80^ and 120K microspheres was ahiiost negligible in 4 hours. However, in 4 hours, 
1 1.289% of drug was releasisd ifroni 80K polymer as compared to 1% from 120K polymer. 
This is to be esqiected based on tihe difiusional nature of the release where fbe hi^er MW 
polymer imposes a rigid barrier cpmpsoed to the lower MW polymer. In addition, tiie 
hydrophilic nature of lower MW polymer assists in better hydration (wetting]! of the 
microspheres and hence a &ster dissolution rate of bupivacaine. 
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The in-vitio itelease pattern of Bupivacaine ftom the fluee polymers, an[m>ximatBly 
40K, 80K and 120K, along with release patterns from the bupivacaine base are listed in Table 
7 below: 



TABLET 

In Vitro Release of Bupivacaine (Cumulative Release % over 4 Hoursl 




An of the Bxanples are baaed on a Skg scat^ except fiv 2*4, which la based on a lOkg scale. 



The data is graphically represented in Figure 1 . 

The dissolution ranges based on the above in-vitro data and the in-vivo efficacy of the 
formulations is listed below in Table 7A. 



Table 7A 




0 
0.25 
0.5 
1 

•1.5 
2 
.3 
4 



about 2 to about 32 
about 3 to about 60 
about 6 to about 86 
about 9 to about 92 
about 12 to about 94 
about 17 to about 97 
about 23 to about 97 
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The in-vitro release of bupivacaine firom the miciospheies of Examples 2B was . 
examined. Dissolution was peifomied by using USP Apparatus 2 Paddle Mettiod < 711 > at 
100 rpm at 3VC. A 80 mg db 3 mg of sample, irrespective of microsphere formulation, was 
employed per vessel contammg 900 mL of 10 mM Sodium Phosphate Buffer, pH 3.0. The 
samples (clear solution) were withdrawn at preset time intervals and analyzed for bupivacaine 
base by HPLC. The following 24 hour dissolution release rates in Table 7B are preferred 
release rates which were based on batches rrmde in accordance with the formulation of 
Example 2B (10 Kg scale batches). 



TABLE 7B 

In Vitro Release of Bupivacaine flOKg scale batches^ 
Cumulative Release % over 24 Hours 






0 


27 


49 


69 


83 


88 


91 


94 




0 


13 


34 


69 


87 


94 


96 


98 




0.00 


16.26 


38.95 


73.29 


92.98 


97.67 


100.48 


101.84 




0.00 


15.47 


36.39 


68.13 


90.00 


96.40 


99.96 


101.64 


Aw 


0.00 


17.63 


32.51 


52.67 


71,82 


8122 


89.10 


93.88 




0.00 


30.19 


54.12 


74.48 


87.61 


92.88 


96.81 


99.06 




0.00 


30.67 


56.84 


79.26 


92.32 


96.27 


99.18 


100.80 




0.00 


36.13 


58.89 


• 77.48 


88.90 


92.67 


96.02 


97.93 




0.00 


25.79 


46.47 


67.76 


82.92 


88.62 


93.27 


96.09 




0.00 


25.94 


49.39 


73.12 


88.70 


94.20 


97.94 


99.96 




0.00 


29.85 


52.29 


72.34 


86.05 


91.29 


95.32 


97.78 




0.00 


36.21 


65.36 


86.92 


95.23 


97.80 


100.08 


101.46 




0.00 


23.57 


45.24 


70.12 


86.28 


91.97 


95.76 


98.14 




0.00. 


8.17 


10.13 


7.77 


6.48 


5.23 


3.97 


3.03 



* nn avenge dissoludonnaige for the bnniilatian of BxBR^ bn shown m Figure 3. 



The preferred dissolution ranges based on the above in-vitro dissolution data is listed 
below m Tablet 7C: 
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Table 7C 




0 
1 
2 
4 
8 

12 
18 
24 



From about 13 
Prom about 33 
From about 53 
From about 72 
From about 81 
From about 8 9 
Prom about 94 



to about 36 
to about 65. 
to about 87 
to about 95 
to about 98 
to about 100 
to about 100 



In-VlYO Testing Buplvacalne ftflcrdcapsules - Hotnlate Model 

The in-vivo efficacy of tte several fonnulatiQiis was assessed in fhe lat using hotplate 
model. The procediiie is described in detail in lACUC No 9511-2199. The following 
paiaphxases fhe procedure. 

&fole Sptague Dawl^ lals OBEarlan Laboiatories, Indianapolis, IN) with an average 
weight of 275 gm were used. The hotplate study consisted of gently holding the body of the 
animal while fte plantar surface of fhe hind paw was placed on a hotplate heated to 56*^0.. 
The baseline latency was determined prior to unilateral injection of local anesthetic around 
the sciatic nerve of fhe rat 

For injection of microspheres, the rats were briefly anesthetized with isoflurane to 
prevent voluntary skeletal muscle contraction during the nerve stimulation procedure, To 
inject local anesthetics, a sterile 22-gauge STIMEX-4 paiylene coated needle (Becton 
Dickenson, Franklin Lakes, NJ) was inserted into a VA inch 18-gauge needle (Becton 
Dickenson). (Before use, the 18-gauge needles wero cleared of burrs by repeatedly inserting 
an old STIMEX-4 uncoated needle. Burrs could account for the reports of needle blockage 
during microsphere injections. The burrs are also cleared to prevent scratching off the 
pargylene coating.. The needles were then packaged and sterilized in an autoclave). Tbe 
STIMEX-4 needles are coated with parylene to prevent electrical conduction throughout die 
needle, except at flie tip that is im-coated The fur was depilated at die site of injection, 
cleansed wiA sterile cotton swabs saturated with 10% providone iodine and rinsed with 
cotton swabs saturated with sterile isotonic salme. The sut&ce skin was gently punctured 
with an 18-;gattge needle in order to allow flie 18-eiittge/ST[MEX-4 needle combination to be 
inserted mto Ae tissue surrounding fhe nerve. The IS-gauge/STIMEX needle-with attached 
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electrode— was inserted tfaiough the skin, between the greater trochantex of the femur and the 
ischial tuberosity of the pelvis. An electrode was placed on the forepaw. Electrical impulses 
(Dig! Stim 11®: <0.9 mA, and 1 Hz) delivered to the sciatic nerve caused hind limb flexion, 
whereas misplacement of the needle in skeletal- or connective tissue &iled to stimulate the 
hind limb. In fact, very close placement led to Digi Stim readings of < 0.2 mA. Upon 
placement of flie 18-gauge/STIMEX-4 needle combination, the STIMEX-4 needle was 
removed while leaving the 18-gau^ needle in place near &e sciatic nerve. Just prior to 
injection, the microspheres were briefly suspended by vortexing, and then drawn up into a 1 
ml di^osable syringe. Syringe volumes were increased an additional 0.07 ml (i.e. 0.6 ml 
injection volume + 0.07 ml - 0.67 ml; 0.6 ml delivered), smce this represents the dead space 
of the 18-gauge needle. Thus, the injection of 0.67 ml resulted in 0.6 ml of micro^heres 
deposited aroimd the sciatic nerve. 

Physicians and veterinarians routinely use STIMEX needles and nerve stimulators to 
iqect local anesthetic around the nerves in humans and animals* The stimulus is nisitber 
painful nor stressful, in that <0.9 mA cannot be detected by humans. Successful injection was 
evid^ced by almost immediate local anesthesia and muscle weakness in the injected hind 
Ihnb. Animals were housed m plastic cages with beddiiiig to prevent any injury faxm 
occurring in tiiie ugected paw. Oui experience has shown that die mtegument of the injected 
paw remains completely intact, with no observed redness; tenderness or sores. The healtfa of 
the integument is inspected dafly. The rats exhibit no stress following the procedure and have 
no difficulty m obtaining food and water. Test paw withdrawal latencies Mowing drug 
mjection were aissessed, and a 12 sec cut-off was imposed to prevent any possible damage 
that would confound the results. Local anesdiesia was quantified as the Hot-Plate Latency 
(sec). 

Time-course studies were analyzed with two-fiictor repeated! meaisures analysis of 
variance ANOVA. A significant F-value for die Drog Treatment X Time interaction allowed 
tor post hoc comparisons usbjg the.Tukey's test The Tukey's test allows mvestigators to 
make multiple comparisons between any pair of data throughout the time^ourse. 

Dose-response curves were analyzed using least-squares Hnear regression analysis. In 
order to calculate effective dose-SO (ED50) values, both baseUne and test hot-plate latencies 
for each rat were coiiverted into percentage of maximum possible effect (%kdPE) values. A 
12-sec maximum cut-off time was used to prevent damage to the injected paw. %MPE values 
calculated according to the rnethod of Harris & Pierson (1964) as: %MPE = [(test - control) 
(12 - control)'^] X 100, ED50 values with 95% confidence limits were calculated according to 
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Oe meAod of Bliss (1967). ED50 calculations were based on linear regression analysis of the 
scatter-plot of individual lats for the entire dose-response curve. Bliss (1967) developed fhe 
following fonnula to calculate the standard eizor of the ED50 value. Hie 95% confidence 
limits (below, right) are based on the fonnula by Bliss (1967). 



Caleidations 

IN-VTVQ TESTING OF MICROCAPSULES OF EXAMPLES 1 AND 2 

Results: * 

The data are g^pUcaUy represented for Example 1 in Figure 2 and for Example 2 in 
Figure 3. Two data sets were graphed: mean lat^cy and percent responders. Mean latency 
rqnesents the average latency of all the annuals tested. Hie error bars represent the standard 
error of the mean* Latencies over 7 seconds are considered preforred. The percent responders 
are a measure of the lunnber of animals having latencies greater than 7 seconds as a percent 
of the total nuinber of animals injected, the efScacy criteria established for flus model are 
mean latency greater than 7 seconds and percent responders S0% or greater. 

Figure 2 shows the mean latency and percent responder data for Example 1» a 72% 
bupivacaine-loaded 40 kDa microsphere formulation. This formulation^ which is identical to 
Example 2 except that it contains no dexametfaasone, shows an anesthetic effect through 24 
hours at which time the percent responders drop below 50%. 

Figure 2 shows tb& mean latency and percent r^ponder data for Example 2, a 72% 
bupivacaine^ 0.04% dexamethasone loaded 40 kDa microcapsule foimulatioti. This 
formulation shows a significant anes&etic effect lasting duough 40 hours (mean latencies 
greater than 7 seconds; percent responders 50% or greater). 
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IN^VIVQ TESTING OF 401C 801C AND.120K MICROSPHERES 

Results: 

The in-vivo eflScacy, as demonstrated by the rat ho^late model latency in seconds, of 
the ttoee polymers, approximately 40K, 80K and 120K, are listed in Table 8 below: 

TABLES 

In Vivo Efficacy (Rate Hotplate model Latency measnred in Seconds^ 




The data sets for flie above table are graphically represented in Figure 2. Latencies 
over'7 seconds are preferred, but fliose at 2 seconds showed a statistically significant effect 
A 12 second cutoff was imposed to prevent any possible damage that would confound the 
results. 
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EXAMPLE 6 
Comonomer Ratio 

Ck>nionomer ratio is anotiier important property of the polymer which can be used to 
modify release patCienis. Because lactic acid is more hydrophobic than glycolic aci4 
decreasing the lactic acid content can increase matrix hydrophilicity and increase hydration of 
the matrix. Alftou^ there is a difiference in MWs between these polymers^ that alone cannot 
account for fte large difference in release properties of these microspheres. 

EXAMPLE? 

; Hybrid Manfanlatlon of Polvmer Molecular Weight And Comonomer Ratio 

Polymer MW can be used to manipulate flie rielease profiles. In general, polymers 
widi lower MW produce increased release due to decreased tortuosity and increased flux. 
Recent work has focused on low MW 50/50 PLOA. There is a significant etdiancement of 
release rate when the low MW 50/50 polymer was used However, it was difScult to 
distinguish between Hip release, profiles fiom the two low MW poliymers, MW '^12K and 
-30K. 

' These fdrrnulations were also tested in vivo (rat hot plate test) at a dose of SO mg of 
microspheres per nerve. • The clo^ circles represent ttie mean latency time in seconds ± 
standard error of the mean. Latency longer than 7 seconds (dashed line) denoted sufficfent 
anesthetic action. The bars represent the percent of animals registering latencies over 7 
seconds with the dashed line corresponding to 50%. The 50/50 microspheres produce 
anesthesia immediately with mean latency remaining above 7 seconds and the number of 
animals responding above 50% through 48 hours. At 54 and 60 hours, the anesthetic effect is 
moderated with mean latency felling below 7 seconds and the number of animals responding 
falling below 50%. This formulation showed excellent onset of action and duration. In 
contrast, the 75/25 PLGA microspheres showed no anesthetic effect over the period studied 
(24 hours). Because immediate aiiesthesia'is necessary, diis was deemed an unacceptable 
formulation. This in vivo response is predicted by the in vitro test, where even under 
aggressive conditions (pH 1.2), tiie fomxulatim showed only moderate release. These in vivo 
profiles adequately demonstrate that modification of the coroonoiher ratio caii significantly 
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impact Hie efBcacy of llie dosage forms. A chaage in comononier ratio from fhe current 6S/3S 
PLGA will be indicated if fhe 6S/3S low MW PLGA is unable to enhance &6 release tate. 

EXAMPLES 
nSnd Ground 

. PLGAs are tenninated with eith^ an esto or a free carboxylic acid depending on the 
nataie of the synfliesis process. The caiboxylic acid-teiminated polymeis are more 
hydrophilic in nature due to the ionizable functionality. These polymers hydrate more rapidly . 
leading to more rapid degradation when compared to the less hydrophilic ester-terminated 
polymers. This effect is more prominent with the lower MW polymers as the contour length 
to end group ratio is smaller. In fhe higher MW polymers, changing the end groups has less 
effect as ttie physio-chemical properties of fhe polymer are'dominalied by fhe polymer 
backbone. The increase in degradation reduces the tortuosity and increases dififiision rate. 
Ftulher, the rapid hydration should result in fester dissolution of bupivacaine and a fester 
release rate through the polymermatrix. 

A related phenomenon which may increase fhe' dissolution of flie' drug is the 
microehviromnental effect This refers to the possibility of a lowered pH enviromnent in ttie 
microspheres when using the lowor MW hydrophilic PLOA. The lowered pH results from 
ionization of carboxylic acid residues initially present and constantly generated as this 
polymer degrades in an aqueous medium. Such a localized acidic environment may aid in 
dissolution of bupivacaine base and thereby increase its release rate. 

EXAMPLE 9 
Polymer blends 

Polymer blending offers another potential possibility for manipulating the release 
from polymer micro^heres containing local anes&etic witii or wifliout optional.augmenting 
agent As previously described, fhe SO/SO PLGA (MW 10-12K) showed increased release 
rate, but also were deemed unstable due to crystal formation upon storage. Seyeral polymer 
blends of 50/50 low MW and 65:35 Higjb MW (polymer, used in current process) were 
evaluated in ratios of 1:1. 3:1, and 9:1 in a attempt to fomn a stable formulation. The 
polymers were combined ui fhe organic phase with the active ingredients and flie solution 
filtered. Additional processing steps proceeded as usual. 
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The 1:1 blend released 66% in 0.5 hr. and. about 96% in 24 hr. The 3:1 and 9:1 
released drug very rapidly wifh over 100% (assay variation) released in 0.5 bouis. It should 
be noted diat these release conditions are very aggressive. Slightly less aggressive conditions 
such as higher pH (3.0 or 5,0) may produce a slower release profile providing better 
correlation with in vivo release. These results demonstrate the utility of the polymer blending 
to modify the release profile while keeping die drug encapsulated. 

The in vivo response of the animals after administtation of a 1:1 blend of SO/SO 
(-'12K) and 65/35 ('-llOK) PLGA microspheres was tested. One hour after administration of 
the formulation, the latency increased to 12 sec (maximum allowable latency). The anesthetic 
effect continued through 12 hours with latency time around 10 seconds By 24 hours, the 
mean latency had fallen to about 7 sec and the number of animals responding had dropped 
below 40%. This would indicate insu£Bcient blocking of pain and therefore this formulation 
lost effectiveness before 24 hours. At first glance, this profile does not seem to correlate well 
witb the. in vitro data. However, closer examination of tiie in vitro, data suggests an 
explanation for the in vivo behavior. The in vitro data shows very rapid initial releieise 
followed by very slow release thereafter, even under the exceedingly acidic (pH 1.2) 
condition used. In vivo, where pH conditions are closer to neutrality (pH 6.8 to 7.4), the 
release after tiiQ initial release may not have been sufficient to produce anesthesia. 
Considering tiie in vivo data tiiis formulation does not produce the desired duration of actioit 

The in vivo response ^of die. animals after administration of a 3:1 blend of SO/SO 
(^12K) and 65/35 (~120K) PLGA microspheres was tested. ; In this case, anesthesia occurred 
rapidly and was maintained through 30 hours. By 36 hours, tihe mean latency was about 7 sec 
and the peicentagp of animals responding was below 50% indicating tiie diminution of 
anesthesia. Because the release in vitro was very rapid, littie correlation witii the in vivo 
results can be made. However, under the current in vitro release conditions, it appears that 
very rapid release can produce efficacy for an extended time. This becomes more apparent 
i^n examining the in vivo response after adrninistiation of tiie 9: 1 blend of these polymers. • 

The response profile after administration of the 9:1 blefnd of these polymers is 
demonstrated. Once again, the anesthetic effect was realized within 1 hour after 
administration and continued tiuou^ 36 hours. By 48 hours, the latency time approached the 
baseline latency and no animal showed a latency over 7 seconds. 
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In suinmaiy, the in vivo results from the blends indicated that the 1:1 blend was 
efifective for only a day. The 3:1 and 9:1 blends showed efficacy persisting for about two 
days and diminishing on the third day. These results seem promising in that further 
experimentation with other ratios of low and high MW polymers could extend the efScacy 
through 3 days. 

EXAMPLE 10 
Porbstnogens 

Another possil>ility in increasing difiEusion from the matrix is to increase matrix 

porosity. Porosinogens can be added to the formulation to fiicilitate pore formation. A variety 
• ■ - .' ' ' , ■ • 

of possibilities exist which include inorganic salts and water soluble polymers such as 

polyethylene glycol. 

Inorganic Salts as Porosinogens 

Calcium chloride is soluble in efliyl acetate and tfaerefoie can be used direcdy in the 
organic phase without jeopardizing die inline sterile fiUiatioa EDLA microspheres 
mcorporating 0.01%, 0.025%, 0.05% and 0.1% were made using a solvent extraction 
technique. The release profiles of these microspheres are depicted in Figure 13. The release 
profile at pH \2 and ZTC shows that even the lowest salt concentration of 0.01% release is 
substantially increased compared to &e control microspheres in which 5 rhL of EtOH were 
added without CaC^. SEMs of these microsphetes, show diem to appear spherical and fiee of 
crystals. The in vivo response profile (hot-plate test) after admmistration of the 0.01% CaCh 
microspheres is shown in Figure 14. Anesthesia occurs wifiun an hour after administriation 
and continues through 30 hours. Between 36 and 48 hours some marginal anesthesia Was 
evident but by 54 hours it was lost 

Id addition to calcium chloride, two other sodium salts (sodium ascorbate and so^um 
citrate) were used to manufacture with inqieased porosity. These salts are soluble in etlQfl 
acetate. The release profile is similar to die control microspheres. These salts were 
incorporated at a very low percent (0.1% and 0.2%) so increasing die concentration five to 
tenfold to 1% might have a more significant impact on the release kinetics of die system. 

The most effective salt used was die CaCla bs release was increased even with the low 
percentage of salt used. Further, because of its solubility in EtOH, the inline sterile filtration 
of the organic phase would not be coi^romised. 

PEG as a Porosinogen 
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Polyebylene glycol (PEG) is a water soluble polymer which can be used to induce 
porosity. PEGs are available in a wide range of MW en^ng versatili^ in their 
implementation. Two PEGs (MW 8000 and 4600) were solubilized in EtOH and incoiporated 
in BDLA microspheies as potosinogenSi The microspheres have been submitted to PA and in 
vitro release tests are pending. Drug loading was not compromised by the addition of PEG. 

EXAMPLE 11 

Other Techniques to Increase Release Rate 

The salt form of bupivacaine has a better aqueous solubility than the base. This should 
increase the dissolution rate of the encapsulated drug and thereby increase the release rate. 
The limitation to using bupivacaine HCI is its limited solubility in ethyl acetate which is the 
organic solvent in the current manu&cturing process. 

Hie rate at which the solvent is. removed fiom the microspheres has been shown to 
influmcf the morphology of the microsidieres. Removing the solvent at a rapid rate produces 
microspheres with a veiy porous internal stmcture while removing the solvent slowly results 
in an interior cavity devoid of poller. 

EXAMPLE 12 
PmgLya4 

One of the sinq^lest ways to decrease tibe burst is to decrease the dmg loading. The 
comparative release of two lots of 50/50 low MW PLGA (MW 10-12K) Jn pH 1.2 buffer at 
3TC was tested. The lower loaded microspheies show a burst of 56% while fiie 72% loaded 
microspheres show a burst of 77%. Once again, this release does not mimic in vivo 
conditions where the release profile could substantially change rendering the difference in 
burst irrelevant Nevertheless, the effect of loading on tiie burst effect is aptly demonstrated 
in this release profile and may prove use&l if it is ascertained that the burst from the low MW 
polymer is greater than desned. 

EXAMPLEA 
Sensorv Blockade Profile Of An Extended Duration 
Local Anesthetic Administered As A Sabcutaneous Injection 
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A locar anesthetic formulation prepaied in accoidance witii Example 2 (EDLA) is 
administered as a subcutaneous injection on llie medial aspect of each calf of human subjects 
to detexmine concentrations that provide the desired sensory block. In Part 1 of the study, 
increasfaig concentrations are evaluated, tq> to a maximum concentration of 5.0% for 120K 
EDLA formulations, and 2.3% for 40K EDLA formulations. Each BDLA formulation is 
compared with aqueous bupivacaine (0.5%) for reference. Following Part 1, a further 
comparison study (Part 2) is performed to compare the sensory block afforded by 
formulations of Example 1 (IDLA) with tiie sensory block afforded by formulations of EDLA 
at the same dose (1.25%). ' 

• '* . ■ ' ■ ^ ■ . • • 

Botii tiie subject ^nd evaluator are blinded as to the treatment being injected in each 
site for tiie first four days of evaluation. A randomization schedide designates tiie calf that is 
injected' with EDLA and tiie calf that is injected with aqueous bupivacaine. For both sets of 
experiments, the human subjects receive two injections, eitiier one injection of EDLA into 
one calf and one iiyection of aqueous bupivacaine 0.5% into the other calf (Part 1), or one 
injection of EDLA into one cdf knd one injection of IDLA into the other calf (Part 2). 
Subjects are iiistnicted to shave each calf 48 hours prior to tiie treatment A 35 x 60 mm 
rect^e is dr^wn on the medial aspect of tiie rig^t and left calves. A 22-gauge, VA inch 
r^dle and luer-lock sy^bge arp us^ to inject a total of 5.mL of study dmg in two divided 
doses of 2.5 each: the needle is inserted in opposite comra of tiie rectangle and 2.5 mL 
of tiie dmg are injected in a ^^-wise" naanner witii each needle; insertion, saturating tiie 
subcutaneous tissue within the : rectangle (total volume 5 ml). Each infiltration is 
administered wfthin 1 h^ur of study dmg preparation as a one-time injection. 

The formulations utiHzefl in the study are described in Table Al below, wherein 
*TMW-EDLA^ refers to the formulation of Example 2 utilizing the low molecular weight (40 
kD) polymer; 'miW-EDLA** refers to tiie formulation of Example 2 utilizing the high 
molecular weight (120 kD) polymer, and "IDLA" refers to flie formulation of Example 1 (no 
dexamefliasone) utilizing tiie low molecular weight (40 kD) polymer: The doses of HMW- 
EDLA ("120K-EDLA") are reconstituted arid used according to the* same procedures 
described in Table Al. . 
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TABLE Al 





Strength 


Medication 


Concentration 
(microspheres) 


Dosage Form 


Bupivacaine 


Dexamethasone 


f MW.Pni A 0 ftl5fiA* 




mff'V diluted whh 16 mLs of 
diluent 




2^ mcs/mL* 


LMW-EDLA I-25%« 


12.5 m^mL 


Microsphere Powder (100 
mg) diluted with 8 mLs of 
diluent 


9.0 mg^mL 


5.0 mcg^nL 


LMW-EDIA2.5%* 


25.0 mg^mL 


Microsphere Powder (100 
mg) diluted with 4 mLs of 
diluent 


l&.Omg^mL 


10.0 mcg^mL 


LMW-EDLA 5.0%» 


50.0 mgAnL 


Microsphere Powd^ (100 
mg) diluted with 2 mLs of 
diluent 


36.0 mg/mL 


20.0 mc^mL 


IDLA 1.25%* 


12.5 ingAnL 


Microsphere Powder (100 
mg) diluted with 8 mLs of 
diluent 


9.0 mg/lmL 


N/A 


Aqueous Bupivacaine 


5.0mg^inL 


Buptvacaine 0.5% solution 


5.0mfi/inL 




* Percent refas to ooncemntioD of raiciospheies whidi wne appickximatdy 72% toadc 


xl Willi bn^vacatne 


base. 



Bach stud/ has a total duiatioii of 14 days plus a 6 week safety evaluation and a 6 
month long-tenn safety evaluation. . 



Efficacy Testing 

Testing of Local Anesthetics in human models is often focused on tibiee general areas: 
MECHANICAL testing (pin prick, von Frey Hairs), THERMAL testing (warm, hot, cool) 
and TACTILE testing (touch). Multiple testing modalities are used to broadly define the 
actions of a local anesthetic on a variety of conducting nerves based on size, conduction 
speed, myelinization, etc. Hie specifics of testing with these different modalities have been 
described in the literature, for example, Dahl, et al., Pain. 53:43-51 (1993); Moinicfie, et al., 
Brit J. of Anaesthesia. 71:201-205 (1993); Pedeisen, et al., Anesthesiolo^. 84(5): 1020-1026 
(1996); Moiniche, et al., Regional AnesAesia. 18:300-303 (1993); Pedersen, et al., Brit J. of . 
Aimesthfisia. 76(6):806-810 (1996); and, Pedersen, et al., Pmn, 74:139-151 (1998), all of ' 
which are incorporated by reference herein in Iheir entheties. 

In the studies reported herein, die following seven specific modalities are used as a 
mieasure.of local analgesia^ lo^ anes&esia and nerve blockade, making reference to tfie . 
onset, peak density and duration of effect, based on measured changes in sensory responses. 
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Evaluations aie perfonned at 2, 4, 6> 8, 24, 48, 72 and 96 hours and on days 6, 7 and 8 post- 
iigection. 



Mechanical: 

.1) 

2) 



Mechanical Pain Detection Threshold, using progressively stiffer von Frey 
Hairs; 

Suprathreshold Pain Response-Mechanical, using von Frey Hair No. 17; 



Tactile: 



3) 



Mechanical Touch Detection Threshold, using progressively stiffer von 
Frey Hairs; 



Thermal : 
: 4) 
5) 

7) 



Warm Detection Threshold; 
Heat Pain Detection Threshold; 
Suprathreshold Pain Response-Heat; and 
Cool Detection Threshold 



Each of these modalities and tiie results of efficacy testing using tiiese modalities is 
discussed in detail below. . \ 

Mfechanical and Tactile Testing 

MECHAMCM. PAIN DFIXCrnON THRESHOLD is defined as tiw 
numl>er of a von Frey Hajr whiqh produces a definite sensation of pain or discomfort, and 
MECHANICAL TOUCH DlSTECilpN THRESHOLD is defined as the lowest force or 
number of a von Frey Hair which produces a sensatioii of touch or pressure. Mechanical 
Touch Detection Threshold and Mechanical Pain Detection Threshold are determined 
simultaneously using progressively rigid von Frey Hairs (VFH) (Sqmedic A/B, Stockhohn, 
Sweden). It was determined tiiat each VFH pressed against a balance until it slighdy flexed 
represents a force which logarithmically increases with each hair, covering a total range of 3 
to 402 milKNewtons (mN) (VFH No. 7 « 3 mN; VFH No. 8 = 13 mN; VFH No. 9 = 20 mN; 
VFH No. 10 = 39 mN; VFH No.' 1 1 = 59 mN; VFH No. 12 = 98 mN; VFH No. 13 = 128 mN; 
VFH No. 14 = 133 mN; VtH No. 15 - 314 mN; VFH No. 16 = 350 mN; VFH No. 17 «402 
mN). 
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The injectBd areas are stimulated 8 times with each VFH at a rate of about 2 stimuli 
per second, starting witfi VFH No, 7 up to VFH No. 17. The lowest VFH number that is 
sensed as touch or pressure (Mechanical Touch Detection Hueshold) and the lowest number 
of the hair in which half of the eight stimulations are painful or unpleasant (Mechanical Pain 
Detection Threshold) are recorded. The procediure is repeated two more times and ttie 
median of the three measurements is reported. If VFH N6. 17 does not produce the sensation 
of touch or pressure a Mechanical Touch Detection Threshold value of 18 was assigned. If 
VFH No. 17 does not produce any pain or discomfort a Mechanical Pain Detection Threshold 
value of 18 is assigned. SUPRATHRESHOLD PAIN RESPONSE-MECHANICAL to a 
smgle von Frey Hair is determined by stimulating the injected areas five times with VFH No. 
17 (402 ihN). The subject assesses the pain using a VRS scale of 0-10, where zero (0) » no 
pain and ten (10) pain as bad as you can imagine. 

If one were to run these experiments, one would e3q>ect Ifa6 following data. 

Mechanical Pftiw )i>g<^e ction Threshold 

The results for mechanical pam detection threshold testing for Part 1 are tabidated 
bdow in TablpA2 and illustrated in Figure AL As can be seen fixmi table A2 and Figiiie 
Al, there is a measurable chaiJige fiom baseline in the ihechanical pain detection threshold 
test as early as the two hour testing point The effect reaches a maxnhum at fiom about 6 
hours to about 24 hours for some formulations (LMW-EDLA), but in some instances a 
maxiinum effect is not observed due to the continued increase in the mechanical pain 
detection threshold throughout the testing period which is terminated at day eig^t (HMW- 
EDLA). The effect continues for some of the formulations tested for at least 8 days, the last 
time at which efiScacy is measured 
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TABLEA2 
Sensory Evaluations 
Mechanical Pain Detection Threshold ** For EDLA Over Time op to 8 days 





120K 


40K 


120K 


40K 


120K 


40K 


120K 


Aq. Bup. 




0.625% 


0.625% 


1.25% 


1^5% 


2.5% 


2.5% 


54)% 


05% 


Baseline 


















N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


15 


15.33 


15 


14.17 


16.17 


15.33 


15.5 


16.44 


SB* 


2 


0.95 


0.73 


0.98 


0.48 


0.42 


0.65 


0.22 


Median- 


15 


15 


14.5 


15 


16.5 


15 


15.5 


16.5 


Min-Max 


13^17 


12-18 


13-18 


.10^16 


i4-l7 


14-17 


14-17 


15-18 


Hour! 


















N 


2 


6 


6. 


6 


6 


6 


4 


18 . 


Mean 


13^ 


15.67 


13.83 


15,67 


14.67 


17.33 


15.5 


17.22 


SB* 


0.5 


0.84 


0.79 


0.67 


0.56 


033 


0.96 


0.1 


Median 


13.5 


15.5 


13.5 


16 


14.5 


17.5 


16 


17 


Min-Max 


13-14 


13-18 


12-17 


13-18 


13-17 


16-18 


13-17 


17-18 


Hoar 4 


















N 


2 


6 


6- 


6 


6 


6 


4 


18 


Mean 


IIJ 


16 


13 


17 


14.67 


17.83 


14.75 


17.22 


SB* 


0^ 


0.68 


0.52 


0.52 


0.56 


0.17 


0,85 


0 1 


Median 


11.5 


15.5 


12.5 


17.5 


14.5 


18 


14.5 


17 


Mm-Max 


11-12 


14-18 


12-15 


15-18 


13-17 


17-18 

• r— AQ 


13-17 


17-18 


Hour 6 


















N 


2 


(5* 






5 




4 


18 


Mean 


11.5 


16 


13.7 


17 




18 
•o 


14 75 


17 7H 


SB* 


0.5 


077 


0 83 


0 6S 




w 


048 


0 1 


Median ' 


11.5 


46 


12 


18 
to 


14 .' 


IS 
to 


14 5 


• 17 


Min-Max 


11-12 


14-18 


12-17 


14-18 


12-17 


18.18 


14.1^ 


A r-iO 


Hour 8 


2 
















N 


6 


6 


5 




5 


4 


18 


Mean ' 


IIJ 


16 


13.5 


18 


14.17 


18 


16- 


17.22 


SB* 


0.5 


0.93 . 


0.99 


0 


0.95 


0 


0.41 


0.1 


Median 


11.5 


16.5 


13 


18 


13.5 


18 


16 


17 


Min-Max 


11-12 


13-18 


11-18 


18-18 


12^-17 


18-18 


15-17 


17-18 


Hour 24 


















N 


2 


6 ' 


6 


6 




5 


4 ' 


IS 

10 


Mean 


.13 


17.33 


15.67 


18 


16.33 


18 


17 


16.61 * 


SB* . 


0 


0.67 


0.8 


0 


0.67 


0 


0 


0.31 


Median 


13 


18 . 


15 


18 


17 


18 


17 


17 


Min-Max 


13-13 


14-18 


14-18 


18-18 


13-17 


18-18 


17-i7 


13-18 


Hour 48 


















N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


15 


16.67 


16.83 


18 


1633 


18 


17 


15.67 


SB* 


1 


0.61 


0.65 


0 


0.67 


0 


0 


0.43 


Median 


15 


17 


17.5 


18 


17 


18 


17 


16 


Min-Kfox 


14-16 


14-18 


14-18 


18-18 


13-17 


18-18 


17-17 


11-18 


Hour 72 


















N 


2 


6 


6 


6 


. 6 


6 


4 


18 


Mean 


15.5. 


16 


16.83 


17.67 


16,17 


18 


17 


15.61 


SB* 


U 


0.77 


0.75 


0.76 


0.83 


0 


0 


0.56 


Median 


15.5 


16 


18 


16 


17 


18 


17 


16.5 


Min-Max 


14-17 


13-18 


14t18 


13-18 


12-17 


18-18 


17-17 


9-18 
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120K 


40K 


120K 


40K 


120K 


40K 


120K 


Aq. Bap. 




0.625% 


0.625% 




1.25% 


2^% 


2.5% 


5.0% 


0J% 


Hour 96 


















N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


16 


15.67 


17.17 


16.67 


16.17 


18 


17 


15.61 


SE* 


1 


0.61 


6.54 


0.67 


0.83 


0 


0 - 


0.51 


Median 


16 


15 


18 


17 


17 


18 


17 


16 


Min-Max 


15-17 


14-18 


15-18 


14-18 


12-17 


18-18 


17-17 


>I8 • 




















N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


17 


15.67 


17.5 


16.83 


15.67 


15.5 


17 


16.17 


SE* 


0 


0.S 


0.34 


0.65 


055 , 


0.5 


0 


0.49 


Median 


17 


15 


18 


17.5 


i6J 


16 


17 


17 


Min-Max 


17-17 


14-18 


16-18 


' 14-18 


1M7 


14-17 


17-17 


9-18 



«SE » Standard Enror 

**Mechanical Pdn Detection Tlireshold -* the lowest number of the hair th which half of the 8 stimulatioiis are 
painiulAmpleasant; if VFH Na 17 does not inoduce any pain or discomfort^ a Mechanical Pain Detectiim 
Threshold of 18 is recorded. 

The Mean Mechanical Pdn Detection Thresholds over time for 1 .25% 40K EDL A 
and 1.25% 40KmiA fom Part 2 are displayed in Figure 

Onset and buration of Mechanical Pain Detection Block 

Onset of Mechanical Pain Detection Block (using Mechanical Pain Detection 
Threshold) is tibe first time at which testing with the von Prey Hair no. 17 does not produce 
any pain, that is, less flun 4 out of 8 ajqilications are painful on at least 2 of 3 repeated tests. 
The onset of Mechanical Pain Detection Block for 40K BDLA ranges fix>m a inean of 3 to 38 
hours and a median of 3 to 16, hours. The higher concentration of 40K EDLA shows a faster 
mean onset (3 hours) relative to the lowest concentration (38 hours). The onset of 
Mechanical Pain Detection Block for 1.25% 120K BDLA is 81 and 60 hours (mean and 
median), which is later than fliat observed for 1 .25% 40K EDLA (5 hours, mean and medum). 

In Part 2, the 1 .25% concentration of 40K EDLA, which is selected as &e lowest 
effective dose in Part 1, is compared to the same concentration of 40K IDLA. The Mean 
Mechanical Pain Detection Thresholds over time for 1 .25% 40K EDLA and 1.25% 40K 
IDLA are displayed in Figure A2 and die accompanying table. Onset of Mechanical Pain 
Detection Block is earlier for 1.25% 40K EDLA (12 and 6 hours, mean and median) 
compared to 1 .25% 40K IDLA (49 and 8 hours, mean and median). The results axe shown 
below in Table A3. 
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TABLEA3 

Onset of Mechanical Pain Detection Bloclc (in hours) 



Study Parti 
120K£DLA 





Treatment Pair 


Treatment Pair 


Treatment Pair 


Treatment Pair 


Combined 




120K 




120K 




120K 




120K 








EDLA 


AB 


EDLA 


AB 


EDLA 


AB 


EDLA 


AB 


120K . 




0^25% 


0.5% 


1.25% 


0.5% 


2.5% 


0.5% 


5% 


0.5% 


EDLA AB 




N" 


2 


N 


= 6 


N 


-6 


N 


= 4 


N»18 


Mean 


168* 


168 


81 


■ 57 


168 


168 


168 


168 


139 131 


SB 


0 


0 


28.8 


35 


0 


0 


0 


6 


13.4 16.7 


Median 


168 


168 




2 


168 


168 


168 


168 


168 168 


Min 


168 


168 


8 


2 


168 


168 


168 


168 


8 2 


Max 


168 


168 


168 


168 


168 


168 


168 


168 


168 168 



40KEDLA 





Treatment Pair 


Treatment Pair 


Treatment Pair 


Combined 




40KEDLA 


AB 


40KEDLA 


AB 


40K EDLA 


AB 


40K 




0.625% 


0.5% 


1.25% 


0.5% 


Z5% 


OSVo 


EDLA AB 




N»6 




N«6 




N«?6 




N = 18 


Mean 


38 


2 


5 


2 


3 


2 


• 16 2 


SB 


26.3 


6 


1.0 


0 


0.7 


0 


9.1 0 


Median 


16 


2 


' 5 


2 


' 3 


2 


4 2 


Min 


2 


2 


2 


2 


2 


2 


2 . 2 


Mk 


168 


2 


8 


2 


*6 • • ' 


2 


168 2 



Study Part2 
40KEDLA/IDLA 
Treatment Pair 





40KEDLA 
1.25% 

N 


40Kn)LA 
1.25% 

-13) 




Mean 


12 


49 




SB 


3.9 


19.6 




Median . 


6 


8 




Min 


2 


2 




Max 


48 


168 





' Mechanical Pain Dctectioh HireshDld: the lowest Von Prey Hair (VFH) number that produces a definite sensation of pain or 
discomfort in 4 of 8 VFH applicafions up to VFH No. 17. 

^Qnset of Mechanical Pain Detection Block is'defined as the fiist time at which4 of 8 applications of VFH, up to No. 17, do not 
produce pain on at least 2 of 3 tests repeated during a ainsile evaluatioa 
* Onset at 168 houis » no onset, or fiiiled biocki ' 



Duration of Mechanical Pain Detection Block is the time fiom onset of Kfechanical 
Pain Detection Block to ofi&et; Of&et of Mechanical Pain Detection Block is die midpoint 
between the last assessing time point at which VFH No, 17 does not pioduce pam and tfie 
fiist assessment tune point at which a VFH No. 17 or lower does pioduce pain. Resuitsaie 
shown in Table A4. 
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TABLEA4 

Duration of Mechanical Pain Detectiop Block* 
Study Parti 
i20KEDLA/AB 





Treatment Pair 


Treatment Pair 


Treatment Pair 


Treatment Pair 


Combined 




120K 
EbLA 
0.625% 


120K 
EDLA, 
1.25% 


AB 
0.5% 


120K 

2.5% ^-^^^ 


120K . 

0^ 


120K 

EDLA ^ 




N = 2 


N 


"6 


N«6 


N«4 


N"18 


Mean 


0 0 


86.7 


44.7 


0 0 


0 0 


28.9 14.9 


se' 


0 0 


28.8 


25.2 


0 0 


0 0 


13.4 9,4 


Median 


0 0 


108 


34 


0 0 


0 0 


0 0 


Min 


0 0 


0 


0 


0 0 


0 0 


0 0 


Max 


0 0 


160 


166 


0 0 


0 0 


160 * 166 



40KEDLA/AB 



Treatment Pair 
40KEDLA AB 
0.6ZS% 0.5% 
N«»6 


Treatment Pair 
40KEDLA AB 

N"6 


Treatment Pair 
40KEDLA AB 
2.5% 03% 
N»6 


. Combined 

EDLA ^ 
N»18 


Mean 


50.0 * 


51.2 


110.7 


47.8 


128.7 


24.0 


96.4 41 


SB: 


26.1 


243 


19.4 


24.2 


0.7 


4.5 


13.0 11,2 


Median 


20 


34 


104 


34 


129 


24 


127 34 


Min 


0 


I 


52 


5 


126 


14 


0 1 


Max 


166 


166 


166 


166 


130 


34 


166 166 



Study Part 2 
40K EDLA ADLA Treatment Pair 





40KEDLA 40KIDLA 
1.25% 1.25% 
N = 13) 




Mean 


80.0 42 




SE 


13.3 14.7 




Median 


76 .12 




Min 


6 0 




Max 


166 148 





Duration of Meclianical Pain Detection Blodc, is expressed in hours and is the time ftom onset of Mechanical Pain Detection 
Biodc to oifiteL OC&et of Medianlcal Pain Detection Block is the ndi^pohit between die last assessmeiDl timepdnt at which 
VFHNo. 17 does not prodiioe pain and the fiist assessment timqKHm at wfaidikVFH 



In Fart 1 > the dutation of Mechanical Pain Detection Btock for 40K EDLA langes 
from a mean of 50 to 129 houis and a median of 20 to 129 hours. The higher concentration 
of 40K EPLA shows a longer mean duration (129 hours) relative to die lowest concentration 
(SO hours). The duiatibn is 80 and 76 hours (mean and median) for 1 .25% 40K EDLA, 
compared to 1 1 1 and 104 houis (mean and median) for 1.25% 120K EDLA. The duration of 
Mechanical Pain Detection Biock for aqueous bupivacaine is shotter, as expected (48 hours 
and 34 hours, mean and median). 
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In Part 2, fbe 1.25% concentration of 40K EDLA, which is selected as Oie lowest 
effective dose in Part 1, is compared to the same concentration of 40K IDLA. Duration of 
Mechanical Pain Detection Block is abnost twice as long for 1.25% 40K EDLA (80 and 76 
hours, mean and median) compared to 1.25% 40K IDLA (42 and 12 hours, mean and 
median). In addition, &e Mean Mechanical Pain Detection Threshold indicates a denser 
'block for 40K EDLA compared to 40K IDLA. As shown in Figure A2 and Swmnary Table 
AlO, &e maximum increase fibm the baseline in mechanical pain threshold for 40K EDLA is 
+2.5, occurring at 24 hours post injection, compared to +1.6 at 8 hours post injection for 40K 
IDLA, usmg the mean mechanical pain thresholds. 

In summary, the results of the mechanical pam detection threshold tests show that 
measurable changes in sensory findings occur within 2 hours and an effect that is similar widi 
IDLA and EDLA. The duration of effect is clearly affected by the dexametfaasone. Ibis 
efiect ranges from 2-3 days mth IDLA, but 4-S days vnOx EDLA. Duration of block, 
assessed by the return of Mechanical Pain Detection Threshold to baseline, is slightly later 
for 40KEDLA. than 40KipLA. .= . 

Sttpratfareshold Pain Response - Mechanical 

As discussed above, this tpst is conducted with a single ri^ 
detenninedtoproduceapainfiiliPespbiiseinsubj^^ Pain response is determined by 
stimulating the injected area 5 times widi VFH No. 17. Subjects rate pain on flie Verbal 
RankSca!e(VRS)ofOto 10,wifli 0^nopainand lO^painasbadasyoucanimagme. 

For Part 1, the Supralfareshold Pain. Response -Mechanical (VRS scores) ranges from 
a mean baseline of about 1 J to aboiit 2.5. Sensory block is demonstrated by the change in 
VRS scores, which shows a decrease from baseline (2.0) after administration of EDLA 
formulations to about 1 at 2 hours after administration, and a decrease to about 0 to. about 0.5 
at 24 hours after administration. The effect is observed for at least 8 days after 
administratipa The maximum decrease fcom baseline occurs for both 40K and 120K EDLA 
at about 24 hours after adipinistratioiL The higher concentration of 40K EDLA shows a 
greater decrease fiom baseline and a longer duration relative to the lowest concentration. The 
mean Suprathreshold Pain Re^onse-Mechanical (VRS) scores versus time axe shown in 
Table AS and Figure A3. « 
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TABLiEAS 
Sensory Evalnations 

Mean Suorathreshold Pain Regponse-Mechanlcal A^S>** Scores Over Time no to 8 

days 





120K 


40K 


120K 


40K 


120K 


40K 


120K 


Aq.Bup. 




0.525% 


0.625% 


1.25% 


1.25% 


2.5% 


2.5% 


5.0% 


0.5% 


Baseline 


















N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


2.5 


23 


1.67 


1.83 


1.57 


1.83 


1.75 


1.72 


SE* 


0.5 


0.85 


056 


0.4 


034 


0.54 


0.48 


03 


Median 


2.5 


2 


2 


1.5 


1 


2 


1.5 


2 


Min-Max 


5-5 


0-5 . 


0-3 


1-3 


t-3 


0-4 


1-3 


04 


Hoiir2 


















N 


2 


6 


6 


6 


6 


6 


4 * 


18 


Mean 


3J 


2.17 


2.5 


15 


233 


1.17 


2.5 


0 


SB* 


0.S 


0.9\ 


0.62 


0.43 


0.71 


0.31 


0.65 


0 


Median 


3-5 


2 


ZS 


1.5 


3 


1 


Z5 


0 


Min-Max 


3-4 


0-6 


i-5 


0-3 


1-4 


0-2 


1-4 


0-0 


Hour 4 






6 












N 


2 


6 


6 


6 


6 


4 


18 


Mean 


4 


1.67 


3 


1.17 


2.17 


0.83 


2,75 


0 


SB* 


1 


0,92 


0.68 


0.4 


0.6^ 


0.31 


0.48 


0 


Median 


4 


1 


3 


1.5 ' 


2.5 


1 


2.5 


0 


Min-Max ' 


3-5 


0-6 


0-5 


0-2 


0-4 


0-2 


2-4 


0-0 


Hour 6 


















N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


4 


1.17 


2.83 


0.83 


2.33 


0.5 


2.75 


0 


SE» 


1 


. 0.65 


055 


0.31 


0.71 


0.22 


1.03 


0 


Median 


4 


. 0.5 


2 


I 


1.5 


0.5 


2.5. 


0 


Min-Max 


. 3-5 


0-4 


1^7 


0-2 


1?5 


0-1 


1-5 


0-0 


Hour 8 
















N 


2 


6 


' 6 


6 


6 


6' 


4 


18 


Mean 


4.5 


1.5 


2.67 


0.5 


1.67 


0.33 


3.25 


0 


SB* * . 


1.5 


0.96 


0.88 


0.22 


0.56 


0.21 


1.03 


0 


Median 


4.5 


0.5 


2.5 


0.5 


1.5 


0 


3.5 


0 


Min-Max 


3-6 


0-6 


0^ 


0-1 


0-4 


0-12 


1-5 


0-0 


Hour 24 


















N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


3.5 


1.17 


1.33 


0.17 


0.17 


0 


0 


0.56 


SB* 


0.5 


0.79 


0.49 


0.17 


0.17 


0 


0 


0.17 . 


Median 


3.5 


0.5 




0 


0 ; 


0 


0 


0 


Min-Max 


3-4 


0-5 


0-3 


0-1 


0-1 


0-0 


0-0 


0-2 


Hour 48 


















N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


4 


1 


0.5 


0.5 


0.17 


0 


0 


1 


SB* 


1 


0.82 


0J4 


0J4 


0.17 


0 


0 


0J24 


Median 


4 


0 


0 


0 


0 


0 


0 


1 


Min^Max 


3-5 


0-5 


0-2 


0-2 


O-l 


0-0 


OhO 


M 


Hour 72 


















N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


3 


1.5 


0.5 


0.83 


0.33 


0.17 


0 


1.5 


SB* 


1 


0.76 


0.22 


0,17 


0.21 


0.17 


0 


0.22 


Median 


3 


1 • 


0.5 


I 


0 


0 


0 . 


1 


Min-Max 


2-4 


0-5 


0-1 


0-1 


0-1 


0-1 


0-0 


0-3 
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120K 


40K 


120K 


40K 


120K 


40K 


120K 


Aq. Bup. 




0,625% 


0.625% 


1.25% 


1.25% 


2.5% 


2.5% 


5.0% 


0.5% 


Hour 96 


















N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


2^ 


1.5 


033 


1 


0.17 


0.33 . 


0 


1.39 


SB* 


0.5 


0.62 


02\ 


0 


0J7 


0.21 


0 


0.24 


Median 


2.5 


1.5 


0 


I 


0 


0 


0 


1 


Mtn-Max 


2-3 


04 


0-1 


M 


0-1 


0-1 


OO 


0-4 


Day 8 


















N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


1.5 


1.5 


0.33 


1.17 


0.5 


1.5 


0 


1.22 


SB* 


0.5 


0.76 


0.21 


0.17 


0.22 


0.43 


0 


031 


Median 


1.5 


1 


0 


1 


0.5 


i;5 


0 


1 


MRn-Max 


1-2 




(>.l 


1-2 


0-2 


0^3 


O'O 


(M 



^SE"Standaxd&ior 

**Supiaffaresl|oM Pain Respcms&Mediamcal « pain leqmnse to VFH No. 17; sulgects assess tfie pain 
using 8 Vert>al Rank Scale of 0-I0» whef« 0 " no pain and 10 a pat^ 



In Part 2, the density of blockade of pain response to mechanical stimulation (VFH 
No. 17), as measured using mean VRS scores fiom the Supraflueshold Pain Response - 
Mechanical test, is greater for 40K EDLA versus 40K IDLA, with a maxinmm decline from 
baseline of 1 :6 versus 1 3, respectively, and a more lasting block over time, for 40K EDLA. 
Hie mean Supratfareshold Pain Response-Mechanical (VRS) scores from baseline to Day 8 at 
each assessment time are shown in Figure A4. 

Mechanical Touch Detection Threshold 

Mechanical Touch Detection.Threshold is the lowest VFH number that produced a 
sensation of touch or pressure in 4 of 8 VFH applications. . For Part 1, tiie Mechanical Touch 
Detection Threshold ranges from a mean baselme of about 4.5 to about 9.5: Sensory block is 
demonstrated by the change in thresholds measureds which shows an increase from baseline, 
after administration of EDLA fonnulations to about .1 at 2 hours after administmtion, and a 
increase to about 9 to about IS at 24 hours after administration. The effect is observed for at 
least 8 days after administration. The mairirmnn increase from baseline occurs for both 40K 
and 120K EDLA at about 24 hours after administration. The hi^er concentration of 40K 
EDLA shoiys a greater change from baseline and a longer duration relative to tiie lowest 
concentratiotL The mean Mechanical Touch Detection Thresholds versus time are shown in 
Table A6 and Figure AS. 
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TABLE A6 
Sensory Evaluations 
Mechftniggl Tonch Detection Threshold ** For EPLA Over Time up to 8 days 





120K 


40K 


120K. 


40K 


120K 


4QK 


120K 


Aq. Hup. 




0.625% 


0*625% 


1.25% 


1.25% 


2.5% 


2.5% 


, 5*0% 


Q.5% 


Baseline 


















N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


5.5 


8.33 


7.17 


8.5 


7.17 


9.5 


4.5 


7.28 ' 


SB* 


0.5 


0.42 


1,01 


0.22 


0.54 


0.43 


0.65 


0.44 


Median 


15.5 


8 


17.5 


8.5 


7 


9.5 


4.5 


7.5 


Min-Max 


5-6 


7-10 


■4-10 


8-9 


6-9 


8-11 


3-6 


4-11 


Hoar 2 
















* 


N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


6.5 


933 


8.33 


10.67 


7.5 


11.67 


6.5 


15.17 


SB* 


1.5 


0.67 


0.99 


0.8 


0.34 


0.42 


0.87 


0.35 


Median 


6.5 


9.5 


8.5 


10 


8 


9.5 


7 


15 


Mtn-Max 


5-^8 , 


7-11 


4-11 


9-14 


6-8 


8-118 


4-8 


. 12-18 


Hoar4 


















N 


2 


. 6 


.6 


6 


6 


6 


4 


18 


Mean 


4.5 


9.67 


8.5 


11.17 


7.83 


13.33 


7.25 


14.83 


SB* ' 


0.5 


L12 


0.76 


0.75 


0.48 


0.21 


0.48 


6.47 


Median 


4.5 


10.5 


9 


11.5 


8 


13 


7.5 * 


15 


Min-Max 


4-5 


6-12 


5-10 


9-13 


6-9 


13-14 


6-8 


10-18 


Hmir6 


















N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


5.5 


10.67 


8.5 


12 


9 


13.83 


8,25 


14J6 


SB* 


0.5 


0.92 


0.81 


0.97 


0.5 


0.65 


0.25 


0.52 


Median 


5.5 


11.5 


9 


12 


8.5 


13 


8 


15 


Min-Max 


5-6 


7-13 


5-11 


9-15 


8-11 


13-17 


8-9 


iO-18 


Boar 8 


















N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


6.5 


10,67 


8.83 


12.17 


9.17 


14.17 


8.25 


13.94. 


SB* 


1.5 


1.15 


0.65 


0.65 


0.6 


0.83 


0.25 


0.57 


Median 


6.5 


11.5 


9 


12 


9 


14 


8 


14.5 


Mtn-Max 


5-8 


6-14 


6-11 


10-14 


8-12 


12-18 


8-9 


10-17 


Hour 24 


















N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


m 

5 


11.S 


10 


12.83 


9J3 


14.83 


12.75 


9.5 


SB* 


0 


0.85 


1.06 


0.75 


1.36 


0.79 


1.18 


0.54 


Median 


5 


12 


10.5 


.1Z5 


10 


14.5 


12 


9 


Min-Max 


5-5 


^14 


6-13 


11-15 


3-12 


13-18 


1M6 


6-15 


Hour 48 


















N 


2 


6 


6 


' 6 


6 


6 


4 


18 


Mean 


6 


11 


10.67 


11.5 


9.17 


15.5 


12.5 


7.83 


SB* 


1 


1.53 


1.12 


0.76 


U9 


0.67 


1.04- 


0.45 


Median 


6 


11 


11.5 


11 


9 


15 


IZ5 


8 


Mtn-Max 


5-7 


6-16 


^13 


10-15 


4-12 


14-15 


10-15 


3-11 


Hoar 72 


















N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


6 


9.5 


9.67 


11 


8.83 


15.33 


12.25 


7.17 


SB* 


1 


0.92 


1.15 


0.68 


1.3 


0.88 


1,44 


0.63 


Median 


6 


10 


10 


11 


10 


14.5 


11.5 


7 


Min-Max 


5-7 


. 6-12 


6-13 


9-14 


4-12 


13-18 


10-16 


3-12 
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120K 


40K 


120K 


40K 


120K 


40K 


120K 


An. Bud. 




0.625% 


0.625% 


1.25% 


1.25% 


2.5% 


2.5% 


5.0% 


. 0.5% 


Hour 96 


















N 


2 


6 


6 


6 




6 


4 


18 


Mean ' 


5 


9.17 


10 


10.17 


933 


14.17 


11.75 


7.22 


SE* 


2 


0.48 


0.93 


0.54 


1.33 


1.08 


1.25 


0.65 


Median 


5 


9 


10.5 


n 


10.5 


14 


11.5. 


7.5 


Mtn-Max 


3-7 


8-11 


6-12 


8-11 


3-12 


1M8 


9-15 


3-13 


Day 8 


















N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


SS 


8.17 


9.83 


9.83 


10 


11.17 


11.75 


6.89 


SB* 


2.5 


0.7 


1.05 


0.6 


1.75 


0.87 


0Jt5 


0.69 


Median 


5.5 


8 


10 


9.5 


11 


11 


12 


7.5 


Min-Max 


3-S 


6-11 


6-13 


8*12 


3-16 


8-14 


11-12 


3-14 



*SB»StandaidEnQr 

**Mectiamcal Touch Detection Threshold - the lowest number of the von ftey Hair in which half of the 
8 stumdaisons aiesensed as touch or pressure; if VFH No. 17 does ooti»oduce any pain or discomfort, a 
Mechanical Touch Detection threshold of 18 is recorded. 



For Pait 2» the me^ Mechanical Touch Detection Thzeshold again indicates a denser 
block for 40K EDLA compared to 40K IDLA. The maximum increase ftom mean baseline 
in pain threshold is +5 for 40K EDLA versus 44 for 40K IDLA, and lasts until Day 2 versus 
Day 1, for 40K EDLA and IDLA, respectively, using the mean dueshold values determined 
by die test The mean Mechanical Touch Detection Threshold values over time for all 
concentrations of EDLA and for 1.25% 40KEDLA and 1.25% 40K IDLA are displayed in 
Figure A6. 



Thermal Testing 

SXJPRATHRESHOII) PAIN RESPONSE-HEAT in the inject 
by a stimulus of 4S^C lasting 5 seconds using a computerized 1 S x 25 mm tbermode 
(Thermostest, Somedic A/B, Stockholm,' Sweden) on the injected areas. The subject assesses 
pain on a Verbal £lank Scale (VRS) of 0-10, with 0=no pain and 10= pain as bad as you can 
imagine. 



WARM DETECTION THRESHOLD is defined as the lowest increase in tempeiature 
from 32X perceived, HEAT PAIN DETECTION THRESHOLD is defined as the lowest 
temperature perceived as painful, and COOL DETECTION THRESHOLD is defined as the 
lowest decrease in tempwatuie from 32*^0 perceived. Warm Detection Threshold, Heat Pam 
Detection Threshold and Cool Detection Threshold are determined with a computerized 
Thermostest (Somedic A/B, Stockhohn, Sweden) in the injected areas. Subjects are 
instructed to press a button as soon as the specified sensation is reached. Thermal Aiesholds 
are determined fipom a baseline of 32*^0 and increased (Warm Detection Threshold and Heat 
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Pain Detection Thxeshol(Q or decreased (Cool DetectionThieshold) at a rate of change of l^C 
per second. The upper cut off limit is S2°C for Warm Detection Threshold and Heat Pain 
Detection Thieshold. Ihe lower cut off lunit is 2S^C for Cool Detection Threshold* 

Warm Detection Threshold, Heat Pain Detection Threshold and Cool Detection 
Threshold are.calculatBd as the median of three measurements, with intervals of 10 seconds 
between each stimulus. If the subject has not perceived warmth or pain at S2^C, the value 
S3®C is recorded for Warm Detection Threshold; if the subject has not perceived pain by 
S2''C, tiie value of SS^'C is recorded for Heat Pam Detection Thresholc^ and if the subject has 
not perceived coolness or pain at 2S^C, the value 24^C is recorded for Cool Detection 
Threshold. 

Sunrathreshold Pain Response-Heat 

The results for Suprathieshold Pain Response-Heat testing (VRS scores) for Part 1 are 
tabulated below in Table A7 and Figure A7. The results show a reduction in VRS scores 
from a mean baseline of 2.3 to a maximum of 5 before administration to about 0-1 at 24 
hours, which is maintained at sqpproTdmatefy this low level for the duration of the testing 
period. 
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TABLEA7 
Sensory Evalnations 
Snprathreshbld Pain Response-Heat** Over Time up to 8 days 





120K 


40K 


120K 


40K 


. 120K 


40K 


120K 


Aq. Bup. 




0.625% 


0.625% 


1.25% 


1.25%' 


2.5% 


2.5% 


5.0% 


0.5% 


Baseline 


















N • 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


5 


2.33 


4.67 


233 


2.67 


2.67 


3.5 


3.83 


SB* 


0 


0.8 


0.8 


0.56 


0.56 


0.56 


0.29 


0.37 


Median* 


5 


1.5 


5 


2 


3 


3 


3.5 


4 


Min-Max 


5-5 


i-6 


1-6 


1-4 


1-5 


1-4' 


3-4 


' 1-7 


Hoar 2 


















N 


2 ' 


6 


6 


6 


6 


6 


4 


18 


Mean 


5 


1.83 


5 


1.6T 


2.67 


1.67 


3 . 


039 


SE» 


1 


1.08 


0.63 


0.49 


0.61 


0.49 


0.71 


6.18 


Median 


5 


1 


5.5 


\JS 


3 


1.5 


2,5 


0 


Min-Max 


4-6 


0-7 


2-6 


0-3 


1-4 


0-3 


2-5 


0-3 


Hour 4 


















N 


2 


6 


6 


6 


6 


6 


4 


18 . 


Mean 


5 


1.67 


5 


1.17 


2,17 


1.5 


3.75 


0.33 


SB* 


1 


1.09 


0.77 . 


031 


0.6 


OJ 


0.25 


0.1 1 


Median 


5 


1 


5 


1 


2.5 


2 


4 


0 


Min-Max 


4-6 


0-7 


2-7 


0-2 


0-4 


0-3 


3-4 


0-1 


Hour 6 


















N 


2 


6 


6 




6 




4 


18 


Mean . 


5.5 


133 


5.17 


133 


233 


1 


4 


0.33 


SB* 


1.5 


0.95 


0.7 


0.49 


0^67 


037 


0.71 


0.16 


Median 


5.5 


0.5 


6. 


1.5 


2 


1 


4.5 


0 


Mfai-Max 


4-7 


0-6 


3-7 


0-3 


0-5 


0-2 


25 


0-2 


Honrs 


















N 


2 


6 


6 


6 




6 . 


4 


18 


Mean 


5.5 


1.33 


5.5 


1.67 


1.5 


1.5 


4.25 


0.44 


SB* . 


1.5 


0.95 


0.62 


0.42 


0.34 


034 


1.03 


0.18 


Median 


5.5 


0.5 


5.5 


1 


2 


2 


AJS 


0 


Min-Max 


.4-7 


0-6 


3-7 


1-3 


0-2 


0-2 


2-6 


0-23 


Hour 24 


















N • 


2 


6 


6 


6 


6 


6 


4 ■ 


. 18 


Mean 


5 


1 


4.17 


0.17 


I 


0.33 


0.75 


1.94 


SB* 


1 


I 


0.6 


0.17 


0.52 


0.21 


0.4 


037 


Median 


5 


0 


4J 


0 


0.5 


0 


0.5 


2 


Mih'-Max 


4-6 


0-6 


2-6 


0-1 


0-3 


0-1 


0-3 


Qr$ 


Hour 48 
















N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


5 


1.33 


3.5 


0.67 


0.67 


033 


0 


2,78 


SB* 


1 


0.99 


0.67 


0.33 


0.49 


0.21 


0 


0.43 


Median 


5 


0 


3J 


03 


0 


0 


0 


3 


Min^Max 


4-6 


0-6 


2-5 


0-2 


0-3 


O-l 


0-0 


0-7 


Hour 72 


















K 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


4^ 


1.67 


2.33 


0.5 


0.83 . 


0.5 


0 


2.61 


SE* 


1.5 


0.95 


0.67 


0.22 


0.48 


0.5 


0 


0.41 


Median 


4.5 


1 


2JS 


0.5 


0.5 


0 


0 


2.5 


Min-Max 


3-6 


0-6 


0-4 


0-2 


0-3 


0-3 


0-0 


0-7 
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UOK 


40K 


120K 


40K 


120K 


40K 


noK 


Aq. Bup« 




0.625% 


0.625% 


U5% 


1.25% 


2;5% 


2.5% 


5.0% 


0J% 


Hour 96 


















N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


4 


1.33 


1.83 


0.67 


0.33 


0,67 


0 


2.56 


SB* 


1 


0.8 


0.7 


0.33 


0.33 


0.67 


0 


0.37 


Median 


4 


0.5 


. 1 


0,5 


0 


0 


0 


2.5 


Min-Max 


3-5 


0-5 


0-4 


0-2 


0-2 


0-4 


0-0 


0-6 


Day 8 


















N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


AS 


1.83 


2.17 


1.17 


0.5 


Z17 


0.25 


2.56 


SB* 


OS 


0.75 


0.54 


0.4 


0.34 


0.54 


0.25 


035 


Median 


43 


1 


3 


1.5 


0 


2 


0 


3 


Min-Max 


4S ' 


0-5 


0-3 


0-2 


0-2 


0-2 


0-1 


0-5 



*SBb Standard Boor 

**Supratlireshold Pafai Response-Heat - pain response tp heat detemdned by a single stimulus of 45 
degrees C lasting 5 seconds; pain is assessed by the subject using a Veibal Rank Scale (VRS) of.0-10^ 
where 0 » no pain and 1 0 B pain as bad as you ean inagma 

For Part 2^ blockade of SupraHueshold Pain Response-Heat overall is slightly greater 
for 40K IDLA compared to 40K EDLA, with a maximum decrease in heat pain flireshold of 
2.2 for 40K IDLA versus 2.0 for 40K EDLA (-2.2 for 40k IDLA and-2.0 for 40K EDLA 
widi respect to baseline). However, Ifae block lasts longer for 40K EDLA, wifli a -1.5 change 
fiom baseline thresholds observed on Day 7 and Day 8 for 40K EDLA compared to Day 3 
andDay4for40KIDiA. The decline fiK)m baseline for40KiDIJ^ is -1.1 onDay8, 
indicating a fiister lefum to baseline nerve fimctton compaied to 40K EDLA (-1 .5 on Day 8), 
The mean Suprafhieshold Pain Response>Heat values over time for 1 .25% 40k EDLA and 
IDLA are sbown in Figure A8. 

Hieat Pain Detection Threshold 

Heat Pain Detection Threshold is the lowest temperature perceived as pkinful when an 
electrical thermode. set at 32*'C is applied to the injected area. The temperature is increased 
l^C per second up to 52**C. The results for Heat Pain Detection Threshold testing for Part i 
are tabulated below in Table A8 and Figure A9. The results show that Heat Pain Detection 
Thresholds, defined as flie lowest temperature perceived as painful, increase ftom a mean 
baseline of 48 before administration to about 51 at 24 hours, and are maintained at 
approximately this level for at least 4 days. 
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TABLE A8 

Sensory Evaluations 
Heat Pain Detection Threshold** For EDLA Over Time up to 8 days • 





120K 


40K 


120K 


40K 


1201^ 

JlAVlV 


■twxw 










0.625% 


1.25% 


1.25% 


2ii% 


2.5% 


5JI% 


0.5% 




















N 


2 


6 


6 


6 


5 




4 


18 


MC3XI 


48.25 


4832 


47.93 


48 


48.82 


46.67 


47.28 


48.42 


SE* 


0.75 


0.75 


0.62 


19 


0.61 


0.62 


1.22 


0.3 




48.25 


48.25 


.47.7 


40 


48 8 


4i« 8 


48 IS 
to. u 


48 7S 

to* 




47.5-49 


45 4-51 1 


45.8-50 


44 &.50fi 


46fi-Sl 1 


44 6.48 4 


41 7.40 1 

■13. f^Tf* I 


44 7-SA 7 


Juivui A 


















N 


2 


5 




u 


w 




A 


18 




48.1 


48 87 


47 55 


48 7^ 


40 1 


4R ^7 

*t0.3/ 


47 H 

•r/.33 


SAA7 
3w.H/ 




1 2 


07 


0 48 


AAA 


. A 47 - 
U.I / 


AAA 


A fil 


A 1<C 
U.30 




AH. 1 


40 1< 


A7 i«C 
4/.03 


AQ AC 


AO 1 


AO AC 

48.03 


1 c 

47.15 


CA e 
50.5 




46.9-49.3 




*tv. I -Hi' 


AC 7^Q Q 


A7 A_CA C 


Ai% fl^a B 


AC fLAQ A 


AS CI 

4o*j3 


Tf Aiir d 
jnuur *w 






















o 




0 


0 


0 


A 

4 


18 




•♦o 




A7 1 S 


AO AT 


AS 1 
4o.l 


AO CC 

4V.33 


A£ QC 

40.88 


CA 

30. f 3 






l.Ul 


A >IC 

0.43 


A A^ 

0.93 


A Cn 

0.52 


0.77 


0.62 


039 


MeCUBJl 


AO 

48 


CA 4 


47.25 


50. 


47.7 . 


50.3 


47.05 


50.65 






iM C CA ft 


AC 

43.0-45. / 


AC 1 CI O 

43.1-31.6 


AC A CA ^ 

40.9-50.2 


A£f% CI ^ 

46.9^51^2 


AK f AO f ' 

45.2-48.2 


48.1-53 


nour o 


















>J 
rN 




0 


O 


0 


0 


< 
0 


4 • 


18 




4R A«C 


AO CS . " 


A'7.AC 


AA tn 


AB A 

48.4 . 


49.33 


Af AC 

47,05 


CA AO • 

50.48 




U.IP 


A AC 
v»00 


A CT 


A 79 

0.73 


A C^ 

0.37 


A <M 

0.72 


A CO 

0.58 


A 40 

0.38 




ilQ AC 
48.03 


CA 

50 


ilO AC 

48.03 


49.85 


47.85 


49.6 • 


47,35 


50.6 




* Af ft AO t 


AA. ^CA A 


AC C_AO 


Af CI A 

47-31.5 


46.9-503 


47.2-51.4 


45.4-48.1 


47.3-53 


noaro 


















N 




o 


O 


0 


c 
0 


0. 


A 

4 . 


1 0 

18 . 






40 < 
n3r.3 


' A'? Afl 
4/.Uo 


CA 

30. 3Z 


AO 1 C • 


At% tf 

49.37 


Af A 

47.4 


50.63 


SE* 




A 8^ 
U.o3 


A 7C 
U. /3 


A C^ 


A 11 


A Oil 

0.84 


033 


035 






CA ^ 


AT A 


CA 

30.33 


>IA 1 

49.1- 


49.8 


47.3 


50,55 




"fW.A— ^O.JF 


AC A.CO 7 


A'l A^B^ 


48 0.^*9 


A7 CA ^ 


AA. O CI 9 


AA. 9-AQ 0 

. 40.8-48.Z 


Af f CO 

47.7-33 


Hour 24 


















N 




D 


O 


0 


0 


0 


A 

4 


18 




47 5 


SI 1? 


48 AS 
*TO.*r3 


CA QC 
30.73 


AO rrc 


CA t Q 

30. J 8 


ilA 1 


• An iA 
49,19 


SB* 


O.l 


1.02 


0.61 


0.86 


0.42 


0.91 


A S8 


A 70 


Median 


47.3 


51.7 . 


49;15 


51.4 


49.4 


493 . 


49.55 


48.9 


Mrn-Max 


47.2-47.4 


46.4-53 


46.M9.6 


48.1-53 


48.8-51.4 


48.2-53 


47.4.49.9 


47.2-513 


Hour 48 


















N 


2 


6 . 


6 


6 


6 


6 


4 


18 


Mean 


47.75 


50.78 


49.02 


.50.5 


50.37 


50:73 


50.5 


48.68 


SE* 


0.85 


1.26 


0.51 


.1.15 


0.63 


0.74 


039 . 


. 0.26 


Median 


47.75 


51:85 


49.4 


50.8 


50.2 


50.1 


50.45 


48.6 


Min-Max 


46.9-48.6 


44.9-53 


46.8-50.4 


45.4-53 


48.3-53 


49.1-53 


49.6r5l.5 


46.9-503 


Hour 72 


















N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


46.85 


49.82 


49.75 


49.9 


51.05 


50.03 


51.08 


48,89 


SB* 


0.25 


0.85 


0.46 


1.15 


0.52 


0.73 


0.7 


031 


Median 


46.85 


50.75 


50.15 


50.75 


50.95 


50.25 


50.8 


49.1 


Min-Max 


46.6-47.1 


47.1-52.1 


48.1-50.9 


44.9-53 


49.2-53 


47.3-52.5 


49.7-53 


45.9-50.4 
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UOK 


40K 


UOK 


40K 


120K 


40K 


120K 


A<|« Bnp. 




0*625% 


0.625% 


1.25% 


1.25% 


2.5% 


2.5% 


5.0% 


0.5% 


Hoar 96 


















N . 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


47.45 


50.3 


50.13 


49.63 


50.97 


49.55 


51.33 


48.94 


SB* 


035 


0.62 


0.5 


1.15 


0.51 


0.91 


0.68 


0.23 


Median' 


47.45 


50.25 


49.9 


49.8 


50.8 


50.1 


51.2 


48.85 


Min-Max 


47.1-47.8 


48,6-52.1 


48.5-51.9 


45-53 


49.4-53 


45.9-52.3 


49.9-53 


47.4-51.2 


Day 8 


















N 


2 


6 


6 


6 


.6 


6 


4 


18 


Mean 


49.1 


48.12 


49.25 


49.57 


50J7 


47.32 


50.75 


49,14 


SB* 


0.1 


1.17 


0.85 


0.94 


0.57 


0.34 


U2 


033 . 


Median 


49.1 • 


49.55 


49.55 


49.75 


50J5 


47.1 


51.05 


49.1 


Min-Max 


49-49.2 


44.1-50.4 


45.6-51.7 


45.6-52.5 


48.8-53 


46.4-48.4 


47,9-53 


46.9-53 



*SB s Standard Biior 

**Heat Pain Detection Threshold - the lowest increase b temperature fhrni 32 degrees C'peieeived as painful; if a 
temperBtmeof 52 is not perceived as painfiil, aHeat PainDeteetionllireshoid of 53 is recorded. 



For Part 2, onset of Thennal Pain Detection Block (u^g Heat Pain Detection 
Threshold) is defined as the first time at which testmg of Heat Pain Detection Threshold does 
not indicate pam using the 52^C cutoff point on at least 2 of 3 repeated tests. Offset of Heai 
Pain Detection Block is the mi<^int between the last testing point where die Heat Pain 
Detection Threshold is greater titan 52^C and flie first testing point where Heat Pain 
Detection Threshold is = 52°C. Duration of Heat Pain Detection Block is the time fiom onset 
of Heat Pam Detection Block to of^t of Heat Pain Block. These results axe presented m 
Table A8 and shown in Figure AlO. 

Onset and Daration of Heat Pain Detection Block 

Onset of Heat Pain Detection Block is defined as the first time point at which 2 of 3 
repeated tests for Heat Pain Detection Threshold does not indicate pain detection by the 52*^0 
cut off point, Le., the first time point at which a median value of SB^'C is recorded. Subjects 
are tested ffirough day 7 (168 hours). A mean onset of 168 indicates no effect. 
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TABLE A9 

Onset of Heat Pain Detection Block*''* 



Study Part 1 
120KEDLA 





Treatment Pair 


Treatment Pair 


Treatment Pair 


Treatment Pair 


Combined 




120K AB 


120K 


AB 


noK 


AB 


120K 


AB 


120K AB 




EDLA QS% 


EDLA 


0^% 


EDLA 


0.5% 


EDLA 


0^% 


EDLA 




0.625% 


1.25% 




2^% 




5% 








N«=2 


N« 


6 




6 


N 




N»18 


Mean . . 


168 86 


168 


113 


136 


141 


126 


127 


148 122 


SB 


0 82 


b 


34.6 


21,2 


27.3 


24.7 


41.5 


9.4 17.9 


Median 


168 86 


168 


168 


168 


168 


132 


168 


168 168 


Min 


168 . 4 


168 


2 


48 


4 


72 


2 


48 2 


Max 


168 168 


168 


168 


168 


168 


168 


168 


168 168 



Study Parti 
40KEDLA 





Treatment Pair 


Treatment Pair 


Treatment Pair 


Combined 




40KEDLA 


AB . 


40KEDLA 


AB 


40KEDLA 


AB 


40K AB 




0.6Z5% 


0S% 


L25% 


0.5% 


2.5% 


0.5% 


EDLA 




N«6 




N-6 




N = 6 




N«18 


Mean 


100 


144 


108 


140 


120 


140 


109 142 


SB 


30.6 


24.0 


28.9 • 


.27.7 


30.4 


27.7 


.16.4 14.4 


Median 


108 


168 


132 


168 


168 


168 


168 168 


!^ 


24 


24 . 


24 


2 


' 24 


2 


24 2 


Max 


168 


168 


168 


168 


168 


168 


168 168 



Study Part 2 
40k EDLA/IDLA Treatment Pair 





40KEDLA 
1.25% 

■N« 


40KIDLA 
1.25% 

13) 




Mean - 


90 


119 




SB 


21.1 


21.2 




Median 


48 


168 




Min 


6 


2 




Max 


168 


168 





Heat Pain Detection Threshold is the lowest temperature perceived as painfiil when a thermode (22^C) is ttppMed to (he 
iiyected area and the temperature is increased TO per secpnd up to 52^C 

^ Onset of Heat Fain Detection Block is expressed in houts and is defined as the first time the subject has not indicated pain 
d6teetionbya52^cutofrpohitQnatleast2of3repeatedtests. Suljects are tested Onouflli day 7 (168 houre). Ameanonset 
of 168 hours nidicates no effeet 



Heat Pain Detection Block is a more sensitive measuze of block because temperatiue 
perception is blocked prior to mechanical pain. This is evidenced by a Heat Pain Detection 
Block for the 2.5% and 5.0% conceDtrations of I20K EDLA (whereas Mechanical Pain 
Detection Block shows no effect for both these concentrations), and a sensory block of all 3 
concentrations of 40K EDLA. In Part 1 (dose response comparison of EDLA, with aqueous 
bupivacaine as reference), no onset of Heat Pain Detection Block is observed for ttie 1 .25% 
concentration of 120K EDLA Onset of Heat Pain Detection Block for 1 .25% 40KEDLA is 
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108 hours and 132 hours (mean and median). Onset of Heat Pain Detection Block for 
aqueous bupivacaine is 140 and 168 hours (mean and median). In the absenpe of an observed 
effect for tiie 1 .25% concentration of 120K EDLA, 2.5% 120K EDLA is compared to 2.5% 
40K EDLA. The onset of Heat Pain Detection Block is faster for 2.5% 40K EDLA compared 
to 2.5% 120K EDLA (120 and 168 [mean and median] and 136 and 168 hours, respectively). 

In Part 2, onset of Heat Pain Detection Block is 90 and 48 hours (mean and median) 
for 1.25% 40K EDLA, compared to 119 and 168 hours (mean and median) for 1.25% 40K 
IDLA. Mean Heat Pain Detection Threshold indicates a slightly denser block for 40K EDLA 
compared to 40K IDLA. The maximum increase from baseline m heat pain threshold is the 
same (+2) for 40K EDLA and 40K IDLA; however, maximum density of block lasts longer 
for 40K EDIA (up to 4 days) compared to 40K IDLA (1 day). 

Duration of Heat Pain Detection Block 

Duration of Heat Pain Detection Block is the time from onset of heat pain block to 
of&et Offset of Heat Pain Detection Block is the midpoint between tiie last assessment time 
point at which the Heat Pain Detection Ihreshold is greater than 52'^C and the first 
assessment time point at vrfiich Heat Pain Detectipn Threshold is £S2^C. Duration of Heat 
Pain Detection Block is shown in Table AlO. 
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TABLE AID 

Duration of Heat Pain Detectton Block*' ^ 
Stady Parti 
120KEDLA 





Treatment Pair 


Treatment Pair 


Treatment Pair ^ 


Treatment Pair 


Combined 




^^^^ AB 
EDLA f± 

0.625% "-^^^ 


120K 

EDLA .To/ 
1.25% ^-^/^ 


120K 
EDLA 
2.5% 


AB 
0.5% 


120K 
EDLA 
5% 


AB 
0.5% 


120K 

EDLA ^ 




N = 2 


N»6 


N 




N 




N-'lg 


Mean 


0 6 


0 2 


- 12 


0.2 


21 


0.8 


8.7 1.6 


SB 


. 0 6.0 


0 1.6 


7.6 


0.2 


17.2 


0.8 


4.6 0.8 


Median 


0 6 


6 0 


0 


0 


6 


. 0 


0 0 


Min 


0 6 


0 0 


0 


0 


0 


0 


0 0 


Max 


0 0-12 


0 10 


36 


1 


72 


3 


72 12 



Study Parti 
40KEDLA . 



Treatment Pair 
40KEDLA AB 
0.62S% 0.5% 
N = 6 


Treatment Pair 
40KEDLA AB 
105% 05% 
N"6 


Treatment Pair 
40KEDLA AB 
2.5% 0.5% 
N--6 


. Combined 
40K . g 
EDLA ^ 
N«18 


Mean 


26 


2 


22 


0.5 


24, 


0.2 


24 0.9 ' 


SB ; 


17.4 


2.0 


10.5 


0.5 


17.8 


0.2 


8.5 0.7 


Median 


6 


0 


18 


0 


0 


0 


0 0 


Min 


1 


0 


0 


0 


0 


0 


0 0 


Max 


108 ' 


12 


60 ^ 


3 


108 


1 


108 12 . 



Study Part 2 
40KEDLA/IDLA 





Treatment Pair 
40KEDLA 40KIDLA 
1.25% 1.25% 
N-13) 




Mean 


17.6 


5.5 




SB 


9.1 


4.5 




Median 


0 


0 




Min 


0 


0 




Max 


108 


58 





Heat Pain Detection Threshold is defined as die lowest teiiQscrature perceived as pamlUI wben a thennode (S2?Q is applied 
to the injected area and tho teinpeniture inci«ased PC per second 

^ Duration of Heat Pain Detection Block is expressed in hours and is the time from onset of Heat Pain Detection Block to 
of&eL Oflset of Heat Fain Detection Threshold is dw nic^infi between the last assessment timepoint at which the Heat Pain 
DetectiDn Threshold is greater dian 52^C and the fiist assessment ti^^ 



In Part 1 ; duration of Heat Pain Detection Block is 22 and 1 8 hours (mean and 
median) for 1:25% 40K EDLA. No Heat Pain Detection Block is observed for 1.25% 120K 
EDLA; Duration of Heat Pain Detection Block for aqueous bupivacaine is short (0.5 and 0 
hours, mean and| median, for 1.25% 40K EDLA/aqueous bupivacaine treatment pair). 

fti the absence of an observed effect for the 1 .25% concentration of 120K EDLA, 
2.5% 120K EDLA is compared to 2.5% 40K EDLA. The duration of Heat Pain Detection 
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Block is longer for 2.5% 40K EDLA conqpaied to 2.5% 120K EDLA (24 and 0, mean and 
median, and 12 and 0 houis, respectively). 

b Part 2, flie 1.25% concentration of 40KEDLA selected as tixetowest effective dose 
in Part 1 is compared to fte same concentration of 40K IDLA. Duration of Heat Pain 
Detection Block is tiuree times as long for 1 .25% 40K EDLA (1 8 and 0 hours, mean and 
median) compared to 1 .25% 40K IDLA (6 and 0 hours, mean and median). 

Warm Detection Thresholds Over Time 

Warm Detection Thieshold is ibt lowest increase in temperature perceived, starting 

fiom a baseline temperature of 32°C and increasing the tempemture in l^C iticreinents per 

second up to 52^C. If the subject does not perceive warmth by S2^C, a value of S3^C is 

recorded for Warm Detection Threshold. 

In Part 1, the first measurable changes occur within two hours and reach a peak by 
.fhreie hours. An increase in the Warm Detection Threshold is observed fiom a mean baseline 
of 40 - 42 to about 46, occurring within 24 to as late as 72 hours. Warm Detection Threslu>ld 
values over time are displayed in Table All and Figure All. . 
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. TABLEAU 

Sensory Evaluattons 
Warm Detection Threshold** For EDLA Over Time up to 8 davs 





120K 


40K 


120K 


40K 


120K 


40K 


120K 


Aq. Bup. 




0.625% 


0.625% 


1^% 


1.25% 


2.5% 


2.5% 


5.0% 


0.5% 


Baseline 


















N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


4L5 


42,05 


41.97 


40.47 


4155 


41.02 


39.73 


4U6 


SB* 


2.5 


059 


1.98- 


0.19 


1.53 


0.54 


0.52 


0.63 


Median 


41.5 


41.95 


4L05 


40.6 


41.6 


40,8 


39.9 


40.95 


Min-Max 


39-44 


39.3-46.2 


38.8-46.5 


39.9-40.9 


38.9-48J 


39.743.5 


38.340.8 


37.5-46.9 


Hour 2 


















N . 


2 


6 


6 


6 


6 


6 


4 


18 


Mean. 


41.5 . 


43.43 


41.35 


43JI . 


4332 


43.7 ' 


40.68 . 


44.81 


SE* 


1.15 


1.29 


0.72 


0.74 


0.97 


0.77 


0.44 


0.63 


Median : 


41.55 


44.05 


40.5 


43.35 . 


43.65 


- 43.55 


40.55 


44.75 


Min-Max 


40.4-42.7 


38.6-46.2 


39.7-43.8 


40.845.6 


40.446.9 


41.3-46 


39.841.8 


39.7-52 


Hour 4 


















N 


2 


6 


6 


6 


6 


6 


4 


18^ 


Mean 


42.7 


43.55 


41.17 


43.25 


42.75 


44.65 


40.68 


45.87' 


SB* 


2 


1.36 


0.85 


1.15 


1 


0.95 


0.38 


0.5 


Median 


42.7 


44.85 


40.15 


43.95 


41.8 


44.4 


40.65 


45.15 


Min-Max 


40.7-44.7 


39.1-46.5 


39.4-44 


39.6455 


40.6-46.9 


42.2473 


39.841.6 • 


•43.7-52 


Hour 6 


















N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


42.2 


44.6 


42.47 


44.55 


43.23 


44.97 


41.8 


45.37 


SB* 


2 


138 


0.71^ 


0.85 


0;79. . 


0.82 


0.81 


. 05 


Median 


42.2 


45.85 


42.2 


44;5 


4Z45 


45.75 


41.9 


45.45 


Min-Max 
Hours 


40.2-44.2 


39.9-46 


40.7-45.1 


41.647.8 


4146.1 


42347 


4043.4 


473-52 


N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


40.15 


45.23 


42.82 


44.63 


44.3 


44.9 


41.63 


45.39 


SB* 


1.15 


1.19 


0.83 


0.81 


0,75 








Median 


40.15 


463 


43.25 


44.1 


44.7 


45.25 


41.45 


45 


Min-Max 


39-413 


39,6-47.4 


40.2-45.4 


42.747.7 


42-46.2 


43.2-46.5 


40.942.7 


43.4-52 


Hour 24 














N 


2 


6 


6 


6 


6 . 


6 


4 


18 


Mean 


41.7 


45.98 


43.77 


46.23 


44.52 


46.45 


43.28 


43.33 


SB* 


1.6 


1.28 


0.88 


0.99 


0.7 


0.66 


0.37 


0.52 


Median 


41.7 


44.95 


44.7 ' 


46.35 


44.6 


46.2 


43.2 


42.8 


Min-Max . 


40.M3.3 


40.7-45.4 


40.2-45.8 


42.949.8 


42.1-463 


443483 


42.5544.2 


39.1.46.5 


Hoar 48 
















N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


41.55 


45.83 


43.62 


4437 


44.77 


463 


45.18 


42.64 


SB* 


2.45 


1,43 


l.l 


1.23 


0.64 


0.71 


0.34 


0.63 


Median 


41.55 


46.95 


44.8 


45.15 


44.6 


46.1 


45.2 


42.05 


Min-Max 


39.1-44 


39.848.7 


4046.1 


39348 


43.346.9 


43.848.4 


44.545.8 


38.447.1 


Hour 72 
















N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean * 


40.4 


44.1 


44.63 


43.55 


46.28 


45.12. 


45 


41.52 


SB* 


1.4 


0.51 


1.13 


1.65 


0.64 


0.92 


13 


0.57 


Median 


40.4 


44.55 


45.95 


43.45 


46.55 


45.9 


45.6 


40.95 


Min-Max 


3941.8 


4Z5-453 


40.647.1 


39.249.4 


43.548.1 


41.247.8 


41.447.4 


38.146.7 
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120K 


40K 


120K 


40K 


120K 


40K 


120K 


Ao. Bud. 




0.625% 


0.625% 


1.25% 


1.25% 


2.5% 


2S% 


5.0% 


0.5% 


Hour 96 


















N 


2 * 


6 


6 


6 


6 




4 


18 


Mean 


41.1 


43.53 


44,23 


43.05 


44.93 


44.38 


44.9 


41.31 


SB* 


1.4 


0.82 


1.25 


1.34 


1.28 


1.13 


0.23 


0.68 


Median 


41.1 


43.6 


44.8 


43 


45.7 


45,5 


44.85 


41.15 


Mill-Max 


39J-42.5 


4M6.8 


4Ci:M8.2 


39^7.3 


40.2-48.6 


40.1-47 


44.445.5 


37.6-46.6 


Day 8 








*■ 










N 


2 


6 


6 


6 


6 


6 


4 


18 


Mean 


42.2 


41.63 


42.3 


41.37 


45.03 


40.63 


44.75 


41.21 


SB* 


Z5 


0.74 


1.44 


0.69 


1.02 


031 


1.04 


0.62 


Median 


42.2 


41.55 


41:5 


40.75 


45.4 


40.5 


44.45 


41.05 


Min-Max 


39.7-44.7 


39.5^.1 


38.3-473 


40-44.4 


41.4-47.7 


39.1-42.2 


42.6-47.5 


37.8-46.6 



Standard Eirar 

*'^ma Detection Threshold - the lowest increase in teniperetuxe fiom 32 degrees C perceived; if a ten^erature of 52 is not 
peiceived, a Wann Detection Thieshcdd of S3 is reeoitled^ 



The results of Part 2 are shown in Figure A12. The mean Warm Detection Threshold 
indicates an equivalent density of block (44 fiom baseline) for 40K EDLA and 40K IDLA, 
with a later onset for 40K EDLA conqplaied to 40K IDLA (24 hours versus 6 hours, 
respectively), and later of&et (Day 2 versus I^y 1 for 4bK EDLA and 40KIDLA; 
respectively). The duration of effect is dramatically longer wifli EDLA. 

Cool Detection Threshold 

This test is conducted by piovidUng a single Exposure a temperature that is designed 
to be detectable as cool. These results are shown g]rq)hicaiiy in Pig^uteAlS. 

CoDclttsions 

. Overall, a denser and longer sensory block is observed for 40K EDLA compared to 
40K IDLA. The density of the effect is measured by the increase fiom baseline* In 
mechanical pain and heat pain thresholds, and in mechanical touch and warm thresholdls, the 
density is equivalent or greater for 40K EDLA compared to 40K IDLA, while duration is 
generally greater for 40K EDLA compared to 40K IDLA, as shown in Table A12 below. 
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TABLEA12 



Summary of Sensory Block Over Time^ 1.25% 40K EDLA vs 40K IBLA 





Mechanical 


Heat Pain 


Mechanical Warm 


Suprathreshold 


Suprathreshold 




Pain 


Detection 


Tonch Detection 


P^n ResnAns^ 

A Mill MUiV|#WUOV^ 


Pain Resnonse* 




Detection 


Threshold 


Detection Threshold 


HeEit 


Mechanical 




Thresliold 




Threshold 










Maximum Change &ora Baseline 






Density® 












40KiBDLA 


+2.5 


+2 


+5 -HI 


-2.2 


-1.6 


40KIDIA 


+1.6 


+2 * 


+4 +4 


-2.0 


-1.3 


Ooset*** 




Oia 


nge' from Baseline at 6 hours 
















40KEDLA 


+2 


+1 


+4 . +3 


-1.7 


-1.1 


40KIDIA 


+0.9 


+1 


+3 -H 


-1.9 


-0.9 






Change' from baseline on Day 4 






Dqration (days) 










40KEP1A 


+0.9 


+2 


+2 .+2 


. -1.7 


-0.8 


.40KibLA 


+0.4 


0 


+2 0 


-1.2 


-0.5 



* Density of block is expressed as tiie maximum change from baseline. 

Onset of block is expiesised as Ac change from baseline at 6 hours. 
^Duration of block is expres^d as fliechange from baseline on Day 4; 
' Chimge(+A)»mcrea8edj^a|h/detectionfhr^ 



Example B 

Onset And Duration Of Sensory Block After Subcutaneons Infiltration Of Long-Acting 
Bnplvacaina rilOK EPI^n With ni>T5,inPth«ffone And Aonco ns Bttpivacatne 



A double-blind, randomi;^, incomplete block design study was performed to 
evaluate the sensory blockade pliaracteristics (onset and duration of analgesia and anesthesia) 
and safety profile of 120K EDLA when administered on each arm of human subjects 
compared to aqueous Bupiva9anie (AB). The total duration of the study was 14 days, not 
including a 14-day scree^png period, which preceded die first clinic visit and administration 
of the study dmg. Increasmg concentrations were evaluated, up to a maximum of 2.5% for 
120kEDLA, 

Fifteen normal male and female volunteers were enrolled. Subjects reported to the 
facility on the evening prior to mjection for pregnancy and urine dmg screens and for 
baseline evaluation of vital signs and sensory acuity (pinprick, thermal, and tactile tests). The 
EDLA injections were administered tiie following morning. The subjects remained at Oe site 
for the first 24 hours following injection and were evaluated at specified intervals for onset 
and degree of sensory blockade as well as for adverse evmts. Upon discharge, the subjects 
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weie instructed to fetum to die site every day (approximately every 24 hours) for 6 days 
foUowmg the injections and ag$in at day 14 (2 weeks) for a final follow-up evaluation. 
Sensory blockade testing using pin-prick» dermal, and tactile tests were performed at each 
visits and subjects were evaluated to determine injection site reactions, residual or other 
adverse efifocts. 

Microsphere preparations containing bupivacaine with and without dexamethasone, 
120K EDLA 1^5%, and 120K IDIA 1.25%, respectively, and microsphere powder Q}lacebo) 
were tested. Formulations of 120K EDLA 1.25%, 120K DDLA 1.25%, and microsphere 
powder (placebo) were administered as a subcutaneous injection (6 mL) on the volar surface 
of each arm. Each injection site was examined by the investigator every day for 3 days and 
then every 7 days for 8 weeks and again at 6 months post-injection. Injection sites which 
developed delayed onset swelling or induration were assessed periodically by measuring the 
area of induration, along with photographs of &e arm with the area of induration outlined. A 
biopsy was performed if the investigator and sponsor felt the lesion was suitable for biopsy. 
The swelling or induration tended to be mild, non-painflil and resolved without incident 

In evaluatinig Mechanical Stimuli (piiq)rick) and tactile stimuli (cotton-ball), 
'assessments were performed at baseline and at tiie following post-injection times: 15» 30» 45 
and 60 minutes, 1:5, 2, 2.5, 3, 6, and 12 hours, and 1, 2, 3, 4, -5; 6, 7, and 14 days. Thermal 
stimuli evaluations^ Warm Detection Threshold and Heat Piain Detection Threshold (WDt 
and HPDT, respectively) were performed at baseline and at 1, 2, 3, 6 and 12 hours post* 
injection, and 1, 2, 3, 4, 5, 6, 7, and 14 days post-injection. Suture placement was performed 
at 3 hours post-injection and used as aii additional measure of the deptii of sensory block. 

In evaluating Degree of Sensory Block, assessments were made by a perceived 
change in sensation to pinprick. With tiie subject looidng away, die evaluator administered 5 
pinpricks to each mjected area. The evaluator asked die subject Did you feel any pin- 
pricks"? If the subject stated that the pinpricks were felt, tiiey were asked if the pinpricks felt 
sharp ormore like a sensation of touch or pressure. . • 

The response to die pinprick test for sensory block was classified as foUows: . 

Anesthesia 0 » Subject did not feel any pinpricks. 
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Analgesia \^ Subject felt pinpricks, but pricks, were perceived as touch or 
pressure. 

No Block '2 = Subject felt sharp pii^ncks. 

Analgesia/Anesthesia 

Ten of 20 (50%) injections with 120K BDLA resulted in analgesia or anesthesia. 
Incidence of analgesia/anesthesia varied with concentration. Four of 5 (80%) injections with 
120K EDLA 2.5% resulted in analgesia, followed by 3 of 5 (60%) injections with 120K: 
EDLA 0.625%, 2 of 5 (40%) injections with 120K EDLA 0312% and 1 of 5 (20%) 
injections with 120K EDLA 1.25%. All subjects (100%) who received 0.25% and 0.5% AB 
reported analgesia/anesfliesia. 

* 

Duration of analgesia/anesthesia was defined as die time between onset of 
analgesia/anesthesia and time when there was a zetum to sensation of sharpness. Onset and 
duration of analgesia/anesthesia were both variable. The mean onset of analgesia/anesthesia 
following injection with 120K EDLA 0.312% was 3.1 hours (range 0.3 - 6 hours); the mean 
duration of analgesia/anesthesia was 0 hours (i.6. there was no analgesia/anesthesia at the 
evaluation time immediately following onset). Injection with 120K EDLA 0.625% resulted 
in a mean onset of analgesia/anesdiesia of 1.2 hours (range 0.3 - 3 hours). The 120K EDLA 
0.625% recipients had the longest mean dumtion of analgesia/anesthesia (56.3 hours) but also 
the greatest range of duration (0.0-167.8 hours). Analgesia/anesthesia occurred following one 
injection with 120K EDLA 1.25% with an onset of 0.5 hours post-injection anda duration of 
0.5 hours. Mean onset foUowmg injection with 120K EDLA 2.5% was 24.7 hours (range, 0.3 
- 72.0) and the mean duration was 14.9 hours (range^ 0.0 - 48.0). 

The mean onset of analgesia/anesthesia following injection of botti 0.^5% and 0.5% 
AB was 0.3 hours (range 0.3 - 0.5 hours). Injections with 0.25% AB resulted m a mean 
duration.of analgesia/anesthesia of 16.3 hours (range, 1.5 - 47.8), and injections wifli 0.5% 
AB demonstiated a mean duration of analgesia/anesthesia of 38,8 hours (range, 2.8 -143.8). 
The results concerning the incidence, onset .and duration of analgesia/anesthesia are 
summarized in Table Bl. 
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TABLE Bl, 



Onset of Analgesia/Anesthesia. 

AB • 12QKEDIA 



Analgesia/ 
Ancstfaeda 


025% 
N = 5 • 


0.5% 
N-5 


0.312% 
N"5 


0.625% 
N-5 


1.25% 
N = 5 


2.5% 
N«5 


Number (%) of 
Sutpects rq>ortmg 
. Analgesia/ 
Anesthesia 


5(100) 


5(100) 


2(40) 


3(60)' 


1(20) 


4(80) 


Onset °(houis) 
meatti:SE 




03db0.0 


3.1 d: 2.9 


t.2dk0.9 


OJifeO 


24.7:1:16.7 


Duration^ (hours) 
mean^SE 


163 ±8.8 


38.8 ±26^ 


0.0^0.0 


563 ±55.7 


OJ±0 


14.9 ±11.4 



N » number of subjects wiw received each (reatment (sidjecis received biUicerBt iqjectioos of 2 dififerent treatmenfs) 
* Hours pos^ixjectioD ■ 

^ Hours fixnn onset of aoalgesia/anesihesia to tiihe when ftere was a ictufn to sensation of shaipness 



None of tiie injections wifii 120K EDLA resulted iti anesQiesia, as defined above 
(Subject did not feel any pii^njcks). Tbzee of S (60%) injections widi 0.25% AB and 4. of S 
(80%) with 0.5% AB led to anesthesia. The mean onset of anesthesia for 0.25% AB 
injections was 0.7 hours (range, 0.3 - 1 .0 hours) and for 0.5% AB injections mean onset was 
0.9 hours (range. 0.3 -'1.5). 

Thermal Stimnlatlon 

A determination of Warm Detection Threshold and Heat Pain Detection Hueshold 
was performed using a computerized semiconductor thermode as described in Example A. 
The detection thresholds were determined from a baseline tehq)erature of 32°C with a l^C. 
per second increase in tempereture to a maximum of 52^C. The subjects were instructed to 
activate a push button when a sensation of warmth was detected (Warm Detection threshold)' 
and again when the sensation of pain was perceived (Heat Pain Detection Threshold). These 
values were recorded and the thermode was retimed to the baseline temperature, If the cut- 
off limit of 52^C was reached and Ihe subject had not indicated pain, the ttermode 
automatically returned to baseline. Subjects who had not perceived warmth or pain by 52**C 
were rated as 53^C. 

Warm Detection 'Dureshold was defined as the lowest temperature at which warmth 
was perceived and Heat Pain Detection Threshold as die lowest temperature perceived as 
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painfuL Intopretation of '*pain*' was left to die subject who was instructed to apply the same 
inteipietation fhxoughout fhe study. Each threshold was calculated as the mediaii of three 
determinations performed with intervals of 10 seconds between each sdmulatioa Mean 
Warm Detection Threshold and Heat Pam Detection Threshold by timepoint were defined as 
flie average detection temperature at each assessment point Thermal Pain Block was defined 
as a Heat Pain Detection Threshold of S3^C. 

Thermal Pain Block 

Nineteen of 20 (95%) injections with 120K EDIA resulted in thermal pain block and 
9 of 10 (90%) injections with AB resulted in thermal pain block. Onset and duration of 
thermal pain block are smmmarized in Table B2. The duration of thermal pain block was the 
time between onset of thermal pain block and the time when there was a retum of sensation 
to pain from heat stimulation (Heat Pain Detection Threshold ^ 52*^0). Onset occurred 
quickly with AB (mean onset was 1.3 hours with 0.25% and 0.6 hours with 0.5%) and witfi 
120KEDLA 2.5% (mean onse^ 1.6 hours). Mean onset for die odier 120K EDLA treatments 
was more variable and much later, due to some instances of delayed onset ranging from 3 to 7 
days. The mean duration of thermal pain blocks was also variable, ranging from 88^8 hours 
for 120K EDLA 0.625% to 233.6 hours foi: 120K EDLA 2.5%. The mean duration of block 
for 025% AB was 16L3 hours and for 0.5% AB was 133.8 hours. 



TABLEB2 
Onset and Duration of Thermal Pain Block 

AB IZOKEDLA 



Thermal Pain 
Block 


0.25% 
N-5 


0.5% 
N»5 


0312% ' 
N»5 


0.625% 
N«5 


1.25% 
N-5 


15% . 


Number (%) of 
subjects with l^iA 
block 


4(8(0 


5(100) 


5(100) 


5(100) 


4(80). 


5(100) 


Onset* Oiouis) 
xnean^SB 




0.6db02 


19.2:^14.0 


50A±i23 


20.5 db 17.2 


U±0.7. 


I>ur8Uoii^(houis) 
meandb SB ' 


16U±68.0 


. 9.8. 


153.6 db 49:0 


88.8:^ 

37.1 


177.5 ±52.9 


233.6 ±40.8 



N " number of sutjects who received each treatment (subjects itcdved bilateral infections of 2 difiboot treatments)™" 
* Horns po^iigeetion 
The duration of thennalpatn block was tiie time between onset of tfi^^ 
52**Q.and time ^en there was a letum of sensation to pain fiom bea^ 



142 



wo 02/058670 



PCT/US02/02461 



The incidence, onset, and duiation of alteted thermal pain threshold aie sununaiized 
in Table B3. Altered fhennai pain threshold was defined as a Heat Pain Detection Threshold 
scoie fhat is less than S3°C and diffeted fipm the initial value by 3 or niore degrees. Sixteen 
of 20 (80%) injections with 120K EDLA lesulted in alteied fhennai pain thieshold. All 10 
(100%) injections ydlh AB lesulted in altered pain ^ 

The mean onsets of altered pain threshold were longer for the AB treatments {172 
hours for 0.25% AB and 31.8 hours for 0.5%) than they were for most of the 120K EDLA 
treatments (2.0, 5.4, and 5.0 hours for 120K EDLA 0.312%, 0.625% and 1.25%, 
respectively). Onset for 120K EDLA 2.5%, however, was 1 18 hours, due to one late onset of 
altered pain threshold with this treatment 

The duration of altered thermal pain detection was the time between onset of thermal 
pain block and time when Heat Pain Detection Threshold returned to baseline levels. The 
mean duration of altered pain, threshold was 162.8 for 0.25% AB and 205.8 hours for 6.5% 
AB. For 120K EDLA treatEnents flie mean duration raziged from 108 hours (120K EDLA 
2.5%) to 268.2 hours (0.625%). 

TABLE B3 



Onset aind Duration of Altered Thermal Pain Detection 

AB 120KEDIA 



Altered lliennal Pain 


0^% 


p.5% 


0.312% 


0.^25% 


1.25% . 


2.5% 












Detection 


N = 5 


N«5 


N-5 


N»5 


N«5 


N«5 


Nun(b6r (%) of siitg'ecls 














wiifa altered thennal pain 
detectioxi • v 


. 5(100) 


5(100) 


. 5(100) 


5 (100) 


3(60) . 


3(60) 










Onset* (hours) . . 
ineaii:feSB 


17.2*8.8 


31.8*16.5 


2.0*1.0 


5.4*1.9 


5.0*3.5 


n&o* 

109.0 


Duration*^ Ommiib) 
mean db SB. 


. l$Z.8dbe7.S 


205.8*57.0 


209.2 * 55.7 


268.2 * 61.6 


143.0*93.6 


108.0* 
108.0 



N "* number of satgecta who xecdved each Ife^tmeot (sutyjects received bilateral injectiois of 2 difierenl treatments) 
* Hours postnyectiaii 

^ the duiation of altered pain flireshold detection was the time between onset of theraial pain block and time when Heat Pain 
Detection Thre^M fetmsed to basdine levels. 



Heat Block 

Subjects weie considered to have heat block if fheir Waxm Detection Threshold 
reached SS^'C. Thtee of 20 (15%) subjects who received 12dK EDLA experienced heat block. 
Six of 10 (60%) subjects who received AB demonstrated heat bliock* as shown in Table B4. 
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Onset of heat block for flie two AB treatment groups was relatively quick: 1.0 hours for 
0.25% AB and 1.5 hours for 0.5% AB. For subjects who received 120K EDIA, the mean 
onset of heat block was later 12 hours for 120K EDLA 0.625% and 18 hours for 120K 
EDLA 2.5%. The duration of heat block "was similar for die AB treatment groups (8 hours for 
0.25% AB and 6.5 hours for 0.5% AB) but vasdy dilGferent for the 120K EDLA groups (108 
hours for 120K EDLA 0.625% and no duration for die 120K EDLA 2.5% group). 



TABL£B4 
Onset and Duration of Heat Block 

AB nOKEDLA 





0.25% 


0.5% 


0.312% • 


0.625% 


1.25% 


2.5% 


Heat Block 


N = 5 


N«5 




N=5 


N«5 


N«5 


Number (%) of 
sutgeds with heat 
block 


2(40) 


4(80) 


0 


1(20) 


0 


' -2(40) 


Onset" (hours) 
meaniSE 


1.0 db 0.0 






12.0 




18.0:1:6.0 


Duratioi^Oioun) 
mean i SB 


8.0:^3.0 


6^±Z7 




108X) 




0.0^0.0 



N » number of subjects who neeiyed each treatment (subjects received bilateral injections of 2 diflforast tieaiments) 
* Hours post-izuection 

^ The duration of heat blcfck was iht length of time that Wami Detection Threshold remained at S^C 



TactUe Pcrceotion Block 

In evaluating Tactile Stimuli (Cotton-ball), sensibility; to touch was evaluated by the 
subject's ability to perceive **touch'* when a cotton-ball was lightly brushed on the skin in the 
injected area. The subject looked away while the evaluator tested the area with a cotton-ball 
The subject was asked, *TelI me if you feel somefliing touching your arm'*? The subject 
responded with "yes" or "no". 

Only 2 of 20 (10%) treatments with 120K EDtA resulted in.tactile block but 7 of 10 
(70%) treatments wifli AB resulted in tactile peiceptipn block, a$ shown in Table BS. The 
mean onset of tactile perception block for the AB injectioi:^ was Ibster than for thermal pain 
block or heat block: 0.4 hours for 0^5% AB and 03 hours for 0.5% AB. FoUowmg 
injections with 120K EDLA, the mean onset of tactile perception block was short: 2.5 hours 
for both 120K EDLA 0.625% and 120K EDLA 2.5%^ the only treatment groups that 
e9q>erienced tactile perception block. . 
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The mean duration of tactile block was 2.2 hours for 0.25% AB and 7.8 houis for 
0.5% AB. Tactile block resulting from treatment with 120K EDLA 2.5% had no duration, 
and tieatment widi 120K EDLA 0.625% resulted in tactile block 3.5 hours in duration. 

TABLEB5 



Onset and Dnration of Tactile Block 

AB 120KEDIA 





0.25% 


0.5% 


0.312% 


0.625% 


1.25% 


2.5% 


Tactile Bloek 


N«5 


N«5 


N = 5 


N«5 


N-5 


N-5 


Number (%) of 
subjects wiHi tactile 
block 


4(80) 


3(60) 


0 


1(20) 


0 


1(20) 


Onsetf (houis) 
meanirSB 


0.4^0.1 


0.3:^0.0 




2.5 




2.5 


Duration^ (bouts) 
xnean±SE 


2.2 ±1.3 


7.8 ±2.0 




3.5 




0.0 



N - mmiber of subjects wbo recdyed each treatment (sobjecls received bilateral iiyectiotis of 2 different beatmems) 
* Houis postiijectioiD 

^ Hie duration of taetilepeicqition bloelc was tte leogfli of time that die sulgect was iinable to feel the touch of the cotton- 
ball in die lijected area 



Pain oa Sutnre Placement 

Pain on Sutuie Placement was used as an additional method to. evaluate the depth of 
sensory block. A 4-0 silk suture was placed full thickness and incoiporated some 
subcutaneous tissue in the injected area. The subject was asked to rate the pain on insertion of 
the suture using an 1 1-point Veibal Rank Scale with 0 = *^o pain*' and 10 = ''pain as bad as 
you can imagine.** All of the subjects who received 120K EDLA reported at least some pain 
on suture placement, as shown in Table B6. Subjects who received 120K EDLA 0.625% 
reported the most (mean, 6.6) and those who received 120K EDLA 2.5% reported the least 
(mean 3.2). None of the subjects who received AB, either 0.25% or 0.5%, reported pain on 
suture placement 
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TABLE B6 
Pain on Suture Placement 

AB llOKEDLA 



Pain on Soture 
Placoncnt 


0^% 
N=5 


. 0.5% 
N-5 


0.312% 
N«5 


0.625% 
N-5 


1.25% 
N = 5 


2.5% 
N-5 


Number (%) of 
subjects wiUi pain on 
suture placement 


0 


0 


5(100) 


5(100) 


5(100) 


5(100) 


Pain on placement* 
mean±SB 






4.4:1:1.6 


6,6±1.2 


4.6dbU 


3.2:113 



N « number of subjects who recdved eadi treatment 

'Rated on an ll^oint scale in whichOB''nD pain** and 10 »'>am as bad as you can imaging 



Pain on Inlection 

In evaluating Pam on Injection, during each injection, the subject was asked to 
evahiate die pain of the injection (not the needle insertion). Pain on injection was rated using 
an 11 point Verbal Rank scale, where 0 « no pain» and 10 » pain as bad as you can imagine. 
Mean scores are summarized in Table B7. Pain on injectioti was rated highest by the I2dK 
EDLA 0.625^ tieatment group (mean, 5.2) and lowest by fiie 120K EDLA 2.5% treatment 
gioiq;) (me^ 2.6). 

TABLEB7 



Pain on Injection 





AqneoQS Bupivacalne 




120KEDIA 




Pnin on 


0.25% 


0.5% 


0.312% 


0.625% 


1.25% 


2.5% 


Injection 


N = 5. 


N=5 


N = 5 


N-5 


N=5 . 


N"5 


Meant SB 


3.4 ±1.2 


3.8 ±1.1 


4.6±1;4 


5.2 ±0.9 


3.0 ±0.8 


2.6 ±0.5 
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. Sttmmarv of EflBcacv 

Sensozy blockade data is siumnarized in Table B8. The incidence of 
analgesia/anesthesia among subjects who received 120K EDLA was not concentration 
dependent Oveiall» 50% of subjects who received i20KEDLA operienced analgesia and 
none reported anesfliesia. All subjects who leceivqd AB reported analgesia and 70% 
esqperienced anesthesia. The mean duration of analgesia/anesthesia ranged from 0 to 56 hours 
for the 120K EDLA treatment groups and from 16 to 39 hours for the AB treatment groups. 

Thermal pain block occurred in 95% of 120K EDLA recipients, versus 90% of 
subjects who received AB. The mean onset of thermal pain block mgjsd from 1 .6 hours to 50 
hours post-injection for 120K EDLA and from 0.6 to 1.3 hours for AB. Hie mean duration of 
tiiermal pain block ranged from 89 to 234 hours for 120K EDLA and from 134 to 161 hours 
forAB. 

Treatment wifli 120K EDLA resulted in altered thermal pain detection in 80% of 
subjects; AB treatment resulted in altered thermal pain detection for all subjects. Ibe mean 
onset of altered thermal pain detjectibn was less than 6 hours post-injection for 120K EDLA 
0.312%, 0.625% and 1.25%, and 118 hours for 120K EDLA 2.5%. The mean onset of altered 
thermal pain detection ranged from 17 to 32 hours post-injection for AB. The duration of 
altered dermal pain detection ranged from 108 to 268 hours for 120K EDLA and from 163 to 
206 hours forAB. 

Heat block occurred in 15% of subjects receiving 120K EDLA, versus 60% of AB 
recipients. Mean onset of heat block was almost 10-fold less in subjects who received AB. 
The duration of heat block ranged from 0 to 108 hours for 120K EDLA and from 6.5 to 8 
hoUrsforAB. 

Only 10% of 120K EDLA treatments resulted m tactQe bk>ck while 70% percent of 
• AB treatments resulted in tactile block. The mean onset of tactile block was 2.5 hours post- 
injection for 120K EDLA subjects and less tium 0.5 hours for AB subjoin. The duration of 
tactile block ranged fiomi 0 to 3.5 hours for 120K EDLA and from 2 to iS hours for AB. 
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All subjects who xeceived 120K EDLA reported pain on suture placement but none of 
the subjects who teceived AB experienced pain (»i sutue placement 
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Table B8 

Efficacy Summary— Incidence, Onset and Duration of Sensory Blocic 



AB 120KEDLA 





025% 


0.5% 


0312% 


0.625% 


1.25% 


2.5% 


uwmUIJr DiUv& 










N«5 


N»5 


Analgesia/Anesttiesia 














Number (%) of Sutyects 


5 (100) 


5 (100) 


2(40) 


3(60) 


1(20) 


4(80) 


Onset* (boors) 
mean:!: SB 


03db0.1 


0J±0.0 


3.1 ±2*9 


1.2 ±0.9 


0J±0 


24.7 ±16.7 


Duration^ (homs) 

' mean:t:^SB 


loo ± o.o 


J0.O X 20.9 




j03 ± J>*7 


A < .k A 


1^ O 4. t 1 ^ 


Aaestliesia 














Number (%) of Subjects 


3(60) 


4(8P) 


0 


0 


0 


0 


Onset* (hours) 


0.7 ±0^ 


0.9 ±04 


0 


0 


0 


0 


mean SB 














Duration^ (houis) 
mean±SB - 


■r.o X J.J 




n' 
u 






0 
1/ 


Thermal Fain Block 














Nuniber (%) of SiAjeots 


4(80) 


5(100) 


5(100) 


5(100) 


4(80) 


5(100) 


. Onset* (houis) 
mean db SB 


1.3 db 0.6 


0.6d:0.2 


19.2±14.0, 


504 ±32.3 


20.5±17.2 


1.6±0.7 


•Duratkm* (hours) 
mean SB 


' 1613(fe 
68.0 


133.8± 
9.8 


153.6±49.b 


88i± 
37.1 


177.5 ±52.9 


233.6 ±40.8 


Altered Thermal Pain Detection 














Number (9^) of Subjects 


5(100) 


5(100) 


5(100) 


5(100) 


3(60) 


3(60) 


- Onset* Olouis) 
meandbSB 


17.2:1: 8.8 


31.8±16J 


2.0±1.0 


5.4 ±1.9 


5.0 ±3.5 


118.0± 
ld9.0 


Duration^ (hours) 
meatt:bSB 


162.8 :b 

615 


205.8 db . 
57.0 


209.2 ±55.7 


268i±61.6 


143.0 ±93.6 


108.0 ± 
108.0 


Heat Block 














Nuniber (%) of Sidjeets 


2(40) 


4(80) 


0 


1(20) 


0 


2(40) 


Onset* (houis) 
mean^SB 


1.0:1:0.0 


1.5 db 0.3 




12.0 


. o" 


18.0 ±6.0 


Duration* Onurs) 
' meandrSB 


8.0^3.0 


64±2.7 


0 


108.0 


0 


0.0 ±0.0 


Tactile Block 














Number (%) of Subjects 


4(80) 


3(60) 


0 


1(20) 


0 


1(20) 


Onset* (houfs) 
meandbSB 


0.4 i: 0.1 


0.3 ±0.0 


0 


2.5 


0 


2.5 


Duration* (hours) 
mean db SB 


2.2^:1.3 


7.8 ±2.0 


0 


3J 


0 


0.0 



N » nuniber of subjects who receivod each treatment 

'Hours postinjection 

* Time from ons6t to ol&et 



CONCLUSIONS 

Sensoiy blockade fbllowing subcutaneous infiltration of 120K EDLA was variable 
widi lespect to onset, duration and liOK EDLA concentration One balf of the subjects who 
received 120K EDLA repoited analgesia but none lepoited anesthesia. All subjects who 
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received subcutaneous infiltration of AB experienced analgesia and 70% experienced 
anesAesia. Most subjects exposed to 120K EDIA or AB experienced thermal pain block and 
altered themoal pain detection. Subjects who .received 120K EDLA had a much lower 
incidence of heat block and of tactile block than did subjects who received AB. 

Most adverse events were site-specific and were expected wi& Ihis fomiulation. Most 
were mild and resolved without intervention. None of the adverse events was serious or 
severe. The relative absence of systemic adverse events suggested a safety profile 
characterized by minimal plasma bupivacaine concentrations. 

Examp^q 

The Sensory Blockade and Pharmacokinettcs of EDLA and TOLA 
Administered as an Intercostal Nerve Bfock 

A local anesthetic formulation prepared in accordance with Example 2 (EDLA) was 
administered to the intercostal nerves T9, TIO, and TI L In Part 1 of the study, bilateral 
intercostal nerve blocks were administered using 40KEDLA and 120K EDLA in ascending 
doses to human subjects. Subjects received either 120K or 40K EDLA in one side and 
aqueous bupivacaine 0.25% in the other, tiiiereby acting as their own controls in determining 
the eflfective dose of flie test products. In Part 2, Ike two doses of 1 20K EDLA isind 40K 
EDLA that demonstrated a 4-day duration of block in Part 1 were, compared to equivalent 
doses of 120K and 40K IDLA (intemiediate duration local anesthetic, incorporating 
bupivacaine in microspheres wifliout dexamethasone, prepared in accordance with Example 
1). Intercostal nerve blocks were administered to 1 side only (left side) using 40K EDLA and 
120K EDLA, and an equivalent dose of 40K IDLA or 120K IDLA was adniinistered m 
additional subjects for con^arison. In Fart 3, S.0% 40k EDLA was administeted in one side 
(left side). Plasma concentrations of bupivacaine and dexamethasone for each treatment 
group were determined. 

All subjects were randomized as to which side received study drug vs. active 
comparator (0^5% aqueous bupivacaine). Bilateral segmental blocks to intercostal nerves 
T9, TIO, and Tl 1 were performed foUowmg standard practice used at Virginia Mason Clinic, 
as described m 'Xlfeliac and hypogastric pl«cus, intercostal, interpleural, and peripheral neural 
blockade of the fliorax and abdomen," by Kopacz, D.J. and Thonqison, G.E., in Neural 
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Blockade^ 3rd Edition, Cousins, M. J. and Bridenbaugh, P.O., Eds.. New Yoik, NY: 
Lippincott-Raven Publishers, 1998, incorporated by'reference herein. Skin infiltration over 
each block site wias accomplished by making a skin wheal over fhe site using lidocaine O.S- 
1% widiout ejpinephrine. The total dose of lidocaine used in this manner did not exceed 40 
mg (4-8 mL). Hie blockade was made at the angle of the rib witibi the subject in the prone 
position. All EDLA or IDLA formulations were administered in volume of 2 mL per nerve 
(6 mL per side). 

Tables CI and C2 list the study treatments that were compared: 



TABLE CI 
Test and Reference Treatments 



Study Drug and Dose | Reference Treatment 

Parti* 

Bilateral Injections (EDLA vs. Aq. Buj^lvacalne) 



120KEDIA 


40KBDLA 


Aqueous Bupivacaine 




0.312% 




. . 0.25% 


0.625% 


0.625% 




. 0.25% 


1.25% 


1.25% 




0.25% 


2.50% 


2.50% 




0.25% 




Part2 






Unilateral 


[njections 




120KEDLA 1.25% 




120KIDLAi.25% , 


40K EDLA 2.50% 




40k IDLA 2.50% 




Parts 






Unilateral 


imections 




40KEDLA5% 




No conqMiator 



"Subjects received bilateral ii^ections of 120K BDLA or 40K BDLA to the intercostal nerves T9, 
T10» and tl 1, on one 8ide> and aqueous bupivacaine on the odier side. 
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TABLE C2 
Treatments Administered 



DoseFonn Unit Strength (each mL) 



120KEDLA 0.625%* 


Suspension 


Bupivacaine 
p^came&asone 


4.5 mg/mL 
2.S^gtaL 


120KEDLA1.2S% ' 


Suspension 


Bupivacaine 
Dexamethasone 


9.0 uig^ 
5.0 fig^mL 


120KEDLA2.5% 


Suspension 


Bupivacaine 
D^metiiasone 


18.0 mg/mL 
10.0 


40KEDLA 0.312% 


Suspension 


Bupivacaine 
Dexamethasone 


2.3 mg/mL 
L2^mL 


40KEDLA 0.625% 


• Suspension 


' Bupivacaine 
DexameOiasone 


4.5 mg/mL 
2.5 Mg/mL 


40KEDLA1.25% 


Suspension 


Bupivacaine 
Dexamethasone 


9.0 mg/mL 
5.0 Mg/mL 


40KEDLA.2.5% 


Suspension 


Bupivacaine 
D^methasone 


18.0 mg/mL 
10.0 Mg/mL 


40KEDLA5.0% 


Suspension 


Bupivacaine 


36.0 mg/mL 






Dexamefhasone 


20.0 fig/mL 


120KIDLA 1.25% 


Suspension 


Bupivacaine 


9.0 mg/mL 


40KIDLA 2.5% 


Suspension 


Bupivacaine 


18.0 mg/mL 


AB 0.25% (Marcaine 


Injectable 
solution 


Bupivacaine 


2.5 mg/mL 



EDLA (1 20K and 40K) was supplied in 10 mL yials containing 1 00 mg of 
bupivacaine-loaded microspheres (approximately 72% by weight of bupivacaine and 0.04% 
dexamethasone). BDLA (120K and 40K) was supplied in 10 raL vials containing 100 mg of 
bupivacaine-loaded microspheres (approximately 72% by wei^t of bupivacaine). 



Efficacy testing 

Sensory block was assessed in all subjects at 0^ 15 xninutes, 1, 2, 3. 6, 12. 24. 4?. 72, 
and 96 hours post-mjectioh and daily thereafter (q)proximately every 24 hours) until die 
block resolved using baseline pinprick. somesOietic testing (teoiperatuie perception block), 
and level of immbness tests, which wm performed bilaterally. Subjects fiom all three parts 
of the study had blood samples taken for determination of plasma bupivacaine and 
dexamethasone levels at die same time points. The onset and duration of analgesia/aneslhesia 
in response to pinprick (primary), incidence of anesthesia, onset and duration of tenqiezature 
perception block, rate of unsuccessful blocks, degree of numbness, plasma drug 
concentrations over .tnne, pharmacokinetic parametera (C,„„, Tmax. AUG), and degree of 
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anesdiesia/analgesia in relation to plasma drug concentrations were determined Safety 
variables included pain on injection, local reaction at injection site» presence of other 
sensations/reactions (itching, tingling, burning, pain, hyperaesfhesia), incidence and severity 
Qf adverse events, changes from baseline in vital signs and changes from baseline in 
laboratory tests (including hematology, clinical chemistry and urinalysis). 

Pin-prick testing; was performed as follows: The investigator assessed the degree of 
sensoiy block by administering pinpricks to the corresponding quadrant(s) of die abdomen at 
fee mid-clavicular line in the area innervated by the intercostal nerves. Assessments were 
made by lightly tapping die skiii on the quadrants of the abdomen using the dull end of a 
dental needle (or similar type needle). The density of sensory block was classified using the 
following criteria: 

0 » Subject did not feel any pinpricks. 

1 =Subjectfelt2or3 (outof 3)pinprick5a8tOUCHorPRESSURE. 

2 » Subject feh 2 or 3 (out of 3) puq>ricks as SHARP. 

If only 2 pinpricks were felt and 1 was felt as touch or pressure and the other was felt as 
^aip, or if only one pinprick was i^t, the level of ''I'* (touch^ssure) was assigned. 

' EfiBcacy was also assessed in terms of onsel; offset knd dumtion of analgesia and/or 
anesthesia; Onset of analgesia was defined as &e time at which pinprick testing 
demonstrated analgesia (touch/pressure) or anestiiesia (no pinpricks felt) in a given area. 
Oiice the onset of sensory block was determined, the area(s) demonstrating the block were 
marked with a surgical pen. The areas outlined witib the pen were designated as the pinprick 
test areas. All pinprick testing was subsequently contained within these site(s) in order to 
provide consistency of testmg. Pinprick testing for onset of sensory block was performed by 
the investigator at prendose (baseline) and approximately 30 minutes, 1, 2, 3, 6 and 12 hours 
post-injection. 

Duration of analgesia/anestiiesia wais defined as the time between onset of 
analgesia/anestiiesia and time when there was a retum of sensation of sharpness in response 
to pinprick. Offset of block was estimated as the midpoint in time between the last 
evaluation where Analgesia/anesthesia was reported and die next evaluation where 
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analgesia/anesfhesia was no longer present In the event of intezmittent periods of analgesia, 
the total duration waa the sum of these periods. Subjects returned to the study^ site 
approximately every 24 hours post-injection for pinprick testing by the investigator until the 
oSsGt of sensoxy blockade was determined. Subjects were instructed on how to perform the 
p3]q)rick meOiod to self-evaluate the density of sensory block at home and record the results 
in a diaiy at least 1 time during the day, approximately every 12 hours following the 
investigator*s assessmeiit. Self-assessments continued for a total of 14 days, regardless of 
oflbet Temperature perception block (somestfaetic test) was assessed by touching the treated 
area with an alcohol swab. Subjects were instructed to answer "yes" if a change in 
temperature was felt, or if no change was perceived. Onset of temperature perception 
block was defined as the first tinie at which die subject did not feel a change in temperature. 
OfGset was defined as a return to baseline values for the somesihetic test 

Degree of numbness was measured as the distribution of numbness ratings at each 
time point, and was based on an 1 1-point numeric rating scale, where 0 =^ not numb at all and 
10 = totally numb. Subjects were asked to rate the degree of numbness following touch to the 
sensory blocked areas on the abdomen. 

B£Bcacy assessments using aU testing modalities were performed by the investigator 
at baseline (houir 0), approxunately 30 minutes, 1, 2, 3, 6 and 12 hours post-injectiori, and 
once every 24 hours until the block ofifeet, and by the subject once every 24 hours (+/- 90 
minutes), q)pn>ximately 1 2 hours following investigator assessments for 14 days regardless 
of offiet of block. For the determination of plasma bupivacaine and dexamethasone 
concentrations, as well as staiulaid phannacokmetic measures (Qnn* Tmax$ AUG), blood was 
drawn mParts 1. 2, and 3 of tiie study at 0 hour (pre-dose), and at 15 mmiites, 1, 2, 3. 6, 12, 
24, 48, 72 and 96 hours post-injection and every 24 hours until flie block ofiGset 

Results: 

Analgesia and/or anesfliesia, assessed by the response to pin-prick; is shown in Table 
C3 and Figures C1-C5, as a function of time after administration of EDLA or IDLA 
formulations oraqueous bupivacaine. 
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TABLE C3 
Pin-Prick Results vs. Time 
40K ISDLA, 120K EDLA and ff)]LA 





40K 


40K 


40K 


40K 


120K 


120K 


120K 


120K 


40K 


40K 


Aq. 




. EDLA 


EDLA 


EDLA < 


EDLA 


EDLA 


EDLA 


EDLA 


IDLA 


IDIA 


EDLA 


Bnpt, 




0312% 


0.625% 


1.25%. 


250% 


0.625 
% 


1.25% 


2.50% 


1.25% 


2.5% 


5.0% 


0.25^ 


Baseline 
























N 


3 


6 


6 


3 


3 


3 


3 


1 


6 


6 


18 


Mean 


2.00 


2.00 


2.00 


ZOO 


2.00 


ZOO 


2.00 


2.00 


2.00 


2.00 


ZOO 


SB* 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 




0.00 


0.00 


0.00 


Miniminn 


2.00 


2.00 


2.00 


2.00 


zoo 


2.00 


2.00 


2.00 


2.00 


2.00 


ZOO 


Median 


2.00 


2.00 


2.00 


2.00 


2.00 


2.00 


2.00 


2.00 


2.00 


2.00 


2.00 


Maximum 


2.00 


2,00 


2.00 


ZOO 


2.00 


2.00 


2.00 


2.00 


ZOO 


2.00 


2.00 


Hour 0.5 
























N 


3 


6 


6 


3 


3 


3 


3 


1 


6 


6 


18 


Mean 


2.00 


2.00 


1.83 


2.00 


2.00 


ZOO 


ZOO 


2.00 


1.67 


1.67 


0.44 


SB* , 


0.00 


0.00 


0.17 


0.00 


0.00 


0.00 


0.00 




0.21 


0.21 


020 


Minimum 


2.00 


2.00 


1.00 


ZOO 


ZOO 


ZOO 


2.00 


2.00 


1.00 


l.OO 


0.00 


Median 


2.00 


2.00 


2.00 


ZOO 


2.00 


2.00 


2.00 


2.00 


zbo 


2.00 


0.00 


Maximum 


2.00 


2.00 . 


ZOO 


zoo 


ZOO 


ZOO 


ZOO 


2.00 


2.00 


ZOO 


zoo 


Hoorl 


















,• 






N 


3 


6 


6 


3 


3 


3 


3 


1 


6 


6 


18 


Mean 


2.00 


1.83 


1.50 


133 


2.00 


2.00 


2.00 


2.00 


1.67 


1.00 


O.U 


SB* 


0.00 


0.17 


0.34 


6.67 


0.00 ' 


0.00 


0.00 




0.21 


0.37 


0.08 


Minimum 


2.00 


1.00 


0.00 


0.00 


2.00 


2.00 


2.00 


2.00 


1.00 


0.00 


0.00 


Median 


2.00 


2.00 


2.00 


2.00 


2.00 


2.00 


2.00 


2.00 


zoo 


1.00 


0.00 


Maximum 


2.00 


2.00 


2.00 


ZOO 


2.00 


ZOO 


2.00 


2.00 


zoo 


ZOO . 


1.00 


Hour 2 
























N 


3 


6 


6 


3 


3 


3 


3 


i 


6 


6 


18 


Mean 


2.00 


1.50 


1.17 


033 


2.00 


ZOO 


2.00 


2.00 


1.50 


0.83 


0.06 


SB* 


0.00 


0.22 


0.40 


0.33 


0.00 


0.00 


0.00 




0.22 


0.40 


0.06 


Minimum 


2.00 


1.00 


0.00 


0.00 


2.00 


ZOO 


2.00 


2.00 


1.00 


0.00 


6.00 


Median 


2.00 


1.50 


1.50 


0.00 


2.00 


2.00 


2.00 


2.00 


1,50 


0.50 


0.00 


Maximum 


2.00 


2.00 


2.00 


1.00 


2.00 


2.00 


2.00 


2.00 


zoo 


2.00 


1.00 


Hour 3 
























N 


3 


6 


6 


3 


3 


3 


3 


1 


6 


& 


18 


Mean 


2.00 


1.00 


0.83 


0.00 


2.00 


2.00 


2.00 


2.00 


L17 


0.50 


0.06 


SB* 


0.00 


0.26 


0.40 


0.00 


0.00 


0.00 


0.00 




031 


034 


0.06 


Minimum 


2.00 


0.00 


0.00 


0.00 


ZOO 


ZOO 


2.00 


2.00 


0.00 , 


0.00 


0.00 


Median 


2.00 


1.00 


0.50 


0.00 


2.00 


ZOO 


ZOO 


2.00 


1.00 


0.00 


0.00 


Maximum 


2.00 


. 2.00 


2.00 


0.00 


2,00 


2.00 


ZOO 


2.00 . 


ZOO 


ZOO 


1.00 


Hour 6 






















N 


3 


6 


6 


3 


3 


3 


3 


I 


6 


6 


18 


Mean 


1.00 


0.50 


0.00 


0.00 


2.00 


1.00 


2.00 


2.00 


0.67 


0.33 


0.56 


SB* 


0.58 


0.34 


0.00 


0.00 


0.00 


0.58 


0.00 




0,42 


033 


0.20 


Minimum 


O.OO 


0.00 


0.00 


0.00 


2.00 


0.00 


ZOO 


2.00 


0.00 


0.00 


0.00 


Median 


1.00 


0.00 


0.00 


0.00 


2.00 


1.00 


2.00 


2.00 


0.00 


0.00 


O.0O 


Maximum 


2.00 


2.00. 


0.00 


0.00 


2.00 


ZOO 


2.00 


2.00 


2.00 


2.00 


ZOO 


Hour 12 




















N 


3 


6 


6 


3 


3 


3 


3 


1 


6 


6 


18 


Mean 


133 


0.50 


0.00 


0.00 


2.00 


1.00 


1.67 


2.00 


1.00 


0.17 


2.00 


SB* 


0.67 


0.34 


0.00 


0.00 


0.00 


0.58 


033 




0.45 


0.17 


0.00 


Minimum 


2.00 


0.00 


0.00 


0.00 


2.00 


0.00 


1.00 


2.00 


0.00 


0.00 


2.00 


Median 


2.00 


0.00 


0.00 


0.00 


2.00 


1.00 


ZOO 


2.00 


1.00 


0.00 


2.00 


Maximum 


2.00 


2.00 


0.00 


0.00 


2.00 


ZOO 


2.00 


2.00 


ZOO 


1.00: 


2.00 
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40K 




■fv*v 


40K 


120K 




120K 


120K 


40K 


46k 






EDLA 


EDLA 


EDLA 


EDLA 


EDLA 


EDLA 


EDLA 


IDLA 


IDLA 


EDIA 


Bnp. 




0312% 


0.625% 


1.25% 


230% 


0.625 

% 


L25% 


2.50% 


1.25% 


Z5% 


5.0% 


0.2S9S 


























moroiog 












- 












N 


3 


6 


6 


3 


3 


3 


3 


1 


6 


6 


18 


Mean 


2.00 


0.67 


0.33 


o:oo 


2.00 


0.67 


1.67. 


2.00 


1.83 


0.33 


2.00 


SE* 


0.00 


0.33 


0.21 


0.00 


0.00 


0.67 


033 




0.17 


0.21 


0.00 


Minimum 


2.00 


0.00 


0.00 


0,00 


2;00 


0.00 


1.00 


2.00 


LOO 


0.00 


2.00 


Median 


2.00 


0.50 


0.00 


0.00 


2.00 


0.00 


2.00 


2.00 


2.00 


0.00 


2.00 


Maximum 


2.00 


ZOO 


1.00 


0.00 


2.00 


ZOO 


ZOO 


2.00 


2.00 


1.00 


ZOO. 


Day 1, 
























evening 
























N : • 


3 


6 


' 6 


3 


3 


3 


3 


1 


6 


6 


18 


Mean 


2.00 


1.33 


1.33 


0.33 


2.00 


1.33 


2.00 


1.00 


1.83 


0.50 


2.00 


SB* 


0,00 


0.33 


0.33 


0.33 


0.00 


0.33 


0.00 




0.17 


0.22 


0.00 


Nfinimum 


2.00 


0.00 


ZOO 


0.00 


ZOO 


1.00 


2.00 


1.00 


LOO 


0.00 


2.00 


Median 


ZOO 


1.50 


1.50 


0.00 


ZOO 


1.00 


2.00 


LOO 


2.00 


0.50 


2.00 


Majdmuni 


2.00 


ZOO 


ZOO 


1.00 


2.00 


ZOO 


2.00 


LOO 


ZOO 


1.00 


2.00 


Day 2, 
























morning 




' , * 




















N ' 


3 


6 


6 


3 


1 


2 


1 


I 


3 


6 


18 


Mean 


1.67 


1.67 


1.50 


1.33 


ZOO 


1.00 


1.00 


0.00 


2.00 


1.33 


ZOO 


SB* 


0.33 


0.21 


0.34 


0.33 




0.00 






0.00 


033 


0.00 


Minimum 


1.00 


1.00 


0.00 


1.00 


2.00 


1.00 


1.00 


0.00 


2.00 - 


0.00 


ZOO 


Median 


2.00 


ZOO 


2.00 


LOO 


2.00 


1.00 


LOO 


0.00 


2.00 


1.50 


2,00 


Maximum 


2.00 


zpp 


ZOO 


2.00 


ZOO 


1.00 


1.00 


0.00 


2.00 


2.00 


2.00 


Day 2, 






















evcoibig 
























N I' 


3 


6 


6 


3 


3 


3 


3 


1 


6 




18 


Meaii 


2.00 


1.83 


1.50 


2.00 


2.00 


1.67 


1.67 


2.00 


2.00 


1.17 


1 94 


SB*; 


0.00 


0.17 


6.34 


0.00 


0.00 


0J3 


0J3 




0.00 


0.17 


006 


Minimum • 


2.00 


KOO 


6.00 


2,00 


2.00 


1,00 


LOO 


2.00 


2.00 


1 00 


1 00' 


Median 


2.6b 


ZOO 


ZOO 


ZOO 


2.00 


ZOO 


2.00 


2.00 


ZOO 


LOO 


2.66 


Maximum 


2.00 


2.od 

r. 

i 


iop 


2.00 


2.00 


ZOO 


2.00 


2.00 


2.00 


ZOO 


2.00 






> 


















morning 




' 




















N ^ 


3 


3 - 


2 


2 




2 


1 




2 


5 


10 


Mean' 


ZOO 


2.00 


1.50 


2:00 




1.00 


1.00 


.0.00 


ZOO 


1.50 


2.00 


SB* : 


0.00 


0.00 


6.50 


6.00 




0.00 






0.00 


0.22 


0.00 


Minimum- 


2.00 


2.00 


i.oo 


ZOO 


* m 


1.00 


LOO 


0.00 


2.00 


LOO 


2.00 


Median: 


2.00 


2.00 


1.50 


2.00 




1.00 


ZOO 


0.00 


ZOO 


1.50 


ZOO 


Maximum 


2.00 


2.00 


2.00 


2.00 




LOO 


2.00 


0.00 • 


zoo 


A.VW 




Day 3, 






















evening 
























N ^ 


3 


6 


6 


3 


3 


3 


3 


1 


6 


5 


18 


Mean - 


ZOO 


2.00 


i.83 


2.00 


2.00 


1.67 


1.67 


LOO 


2.00 


1.17 


2.00 


SB* . 


0.00 


0.00 . 


0.17 


0.00 


0.00 


0.33 


033 




0,00 


0.31 


0.00 


Minimum 


ZOO 


ZOO 


t.OO 


2.00 


2.00 


LOO 


LOO 


1.00 


2.00 


0.00. 


2,00 


Median' 


2.00 


2.00 


ZOO 


ZOO 


ZOO 


2.00 


2.00 


LOO 


2.00 


LOO 


2!oo 


Maximum 


ZOO 


ZOO 


ZOO 


2.00 


2.00 


ZOO 


ZOO 


1.00 


ZOO 


2.00 


ZOO 


Day 4, 






















morning 
























N 


3 






1 




Z 


1 


1 


2 


4 


3 


Mean 


ZOO 






ZOO 




2.00 


2.00 


LOO 


2.00 


1.25 


2.00 


SB* 


0.00 










0.00 






0.00 


0.25 


0.00 


Minimum ' 


2.00 






ZOO 




2.00 


ZOO 


LOO 


2.00 


LOO 


2.00^ 


Median 


ZOO 






2.00 




ZOO 


zoo 


LOO 


2.00 


LOO 


2.00 


Maximum 


2.00 






ZOO 




ZOO 


ZOO 


LOO 


ZOO 


ZOO 


2.00 



1S6 



wo 02/058670 



PCT/US02/0246] 









AM^ 


AMP 




IXVIV 


120K 


120K 




40K 






FnT A 






EDLA 


EDLA 


EDLA 


EDIA 


IDLA 


IDLA 


EDIA 


Bud* 




0.312% 


0.625% 


1.25% 


150% 


0.625 
% 


1.25% 


2.50% 


1.25% 


Z5% 


5,0% 


p.25<y 


Day 4, 
























eveniag 
















1 






18 


N 


3 


6 


6 


3 


3 . 


3 


3 


6 


6 


Mean 


2.00 


ZOO 


ZOO 


ZOO 


ZOO 


ZOO 


2.00 


1.00 


2.00 


1.50 


ZOO 


SB* 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 




0.00 


0.22 


0.00 


Minimum 


^00 


ZOO 


2.00 


ZOO 


ZOO 


ZOO 


ZOO 


I.OO 


ZOO 


1.00 


zoo 


Median 


IM 


2.00 


ZOO 


ZOO 


ZOO 


ZOO 


ZOO 


LOO 


2.00 


IJO 


zoo 


Maximum 


2.00 


ZOO 


ZOO 


ZOO 


' zoo 


24)0 


zoo 


1.00 


ZOO 


ZOO 


zoo 



Day* 
morning 

N 3 18 

Mean » . — 1.67 ZOO 

SB* . 0.33 0.00 

Minimum i.oo 2.00 

Median ZOO ZOO 

Maximum ^- ZOO 2.00 

Days, 

evening 

N 1 5 6 18 

Mean - ZOO ZOO 1.83 2.00 

SB* 0.00 0.17 0.00 

Minimum ZOO 2.00 1.00 2.00 

Median ZOO .2.00 ZOO ZOO 

Maximum ZOO ZOO ZOO ZOO 

Day6; 
moraSng 

N 1 18 

Mean . - 1.00 2.00 

SB* ... . 0.00 

Minimum -- 1.00 ZOO 

Median . 100 2.00 

Maximum 1.00 2.00 

Day6. 
evening 

N - "1 5 6 18 

Mean ZOO ZOO 1.83 ZOO 

SB* — 0.00 0.17. cf.bo 

Minimum ZOO ZOO 1.00 ZOO 

Median. ZOO 2.00 ZOO ZOO 

Maximum ZOO 2.00 ZOO ZOO 

Day7, 
morning 

N " - 1 18 

Mean . ZOO 2.00 

SB* ^ 0.00 

Minimum -• 1- ZOO 2.00 

Median — i ZOO ZOO 

Maximum ZOO ZOO 
• Day7y 
evening 

N ' 1 6 6 18 

Mean 2.00 ZOO 2.00 ZOO 

SB* 0.00 0.00 0.00 

Minimum ZOO ZOO ZOO 2.00 

Median ZOO ZOO ZOO ZOO 

Maximum * * -- * ZOO ZOO ZOO 2.00 



Baseline » Day 1, pre-iirieetioa 
*SB» Standard Eiror. 

Level of Pin-Prick: 0" no feeling; 1" touch/pressuie; 2^ sfaaip. 
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As can be seen from fhe lesults set forfh in Table C3 and Figures Cl-CS, the sensation 
of a pin-prick as toucb or pressure or no sensation of pin-prick was achieved witbin 6 bouts 
of administration of EDLA or IDLA formulations, and in some instances, within 1 to 3 hours. 
The time to return to normal sensation varied between 1 to 4 days and up to at least 10 days 
with some fonniilations. Time to maximum e£fect varied as well, widi maximum effect being 
achieved between 6 hours and 2 days and up to 9 days after administiatipn of certain 
formulations. In contrast^ analgesia and/or anesthesia from 0.25% aqueous bupivacaine wais 
achieved within O.S to 1 hQur but had completely disappeared by 12 hours after 
administration. 

' Onset of analgeda was defimlMl as the time at which pinprick testu 
analgesia (touch/pressure) or anesthesia (no pinpricks felt) in a given area. Duration of 
analgesia/anesthesia was defined as the time between onset of axudgesia/anesthesia and time 
when flietew^ a return of sensation of sharpness i^ OfGset of block, 

was estimated as the mid^int in tixne between the last evaluation wh^ anal|;e8ia/an6sthesia 
, w^ reported iind the next eya^ 

As repprted in Table CM and depicted graphically i^ ,C2 and CS, onset of 

block (as defined above) occuned within 3-6 hours in 89% of sut>jects across all 40K BDLA. 
doses, compared to 22% of subjects in tiie 120K BDLA groups. Onset pf block was observed 
within 1 3 hours in 80% of 4pK EDIA blocks. Aqueous bupivacaine 0.25% had &e 
shortest onset of analgesia/anesthesia, with 100% of subjects eTqmencing onset within 1 
hour. The 2.5% dose/concentration of 40KEDLA had iht most rapid onset, wiA 100% of 
subjects reporting analgesia/anesttjiesia onset within 2 hours (vs. 0.312% «= 0%, 0.625% « 
50%, 1 .25% = 50%). I^ie makunum dose of 40K EDLA administered in this study, 5.0%, 
had an onset similar to that of the other 40K groups, with 66% of subjects having 
analgesia/anesthesia onset witjiin I hour. Among subjects receiving 120K EDLA, the 1.25% 
dose had the most rapid.onset, with 67% of subjects reporting analgesia/anes&esia wifliin 3-6 
hours. 

The 2.5% concentration of 40K EDLA was selectedin Part 1 for comparison wifli the 
equivalait dose 40K IDLA in Part 2. Results showed fliat 40K EPLA 2.5% had a slightly 
more rapid onset of block con^mied to 40K roLA 2.5%, with 66% of succ^ 
blocks occurring within 2 houra, vs 50% for roLA. These results suggest tkt 4^ 
formulation (both EDLA and IDLA) produces a more rapid onset of analges^i/anesihesia than 
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the 120K fonnulation^ and that EDLA has a slightly more rapid onset than IDLA. Table C4 
summarizes tbese results. 

Figure C3 illustrates the overall time course of analgesia for 40K EDLA 2.5% and 
40K IDLA 2.5%, and shows that the onset of block was similar for both 40K EDLA 2.5% 
and 40KIDLA, while duration for 40K EDLA was longer (2 days vs 1 day, respectively). 
The overall time course of analgesia for 120K IDLA 1.25% was longer in comparison with 
the 40K formulations in terais of both the onset and the duration of the block, with a peak 
effect at 48 hours, and return to nomial sensation by 5 days (see Figure C4}. The overall time 
course of analgesia for 40K EDLA 5.0%, as shown in Figure C5, shows an onset of block 
that is comparable to the 40K EDLA and IDLA 2.5% formulations, and demonstrates a 
duration of block that is longer in CQnq)arison wifii treatnent with 40K formulations at a ' 
lower concentration of lck:al anesttietic. 
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TABLEC4 

Time to Onset of Analgesia/Anesthesia* (Nnmber (%)) 
Study Part 1:EDLA120K 



Time to Onset 


EDLA 


EDLA EDLA 2.5% AB*^ 






0,625% 


125% 


\n - J) 




_ ; 




(N = 3) 


(N=3) 






<30 min. 




0 


0 


A 
V 




^"SA mi** '^IVt 

>jU mm. <in 




' Q 


0 


fl 

u 


A 
U 






0 


P 


A 
V 


n 

w 


^4-^ n 




0 


0 


A 

V 


A 
W 


>j-o n 




0 


2(67%) 


A 
U 


u 


>o-12 n 




0 


0 




u 


•^iz a 




0 


1 (33%) 


1 \JJ /o) 


n 
\j 






study Parti: EDLA 40K 








EDLA 


EDLA 


EDLA 


EDLA 


AB" 




0312% 


0.625% 


1M% 


2.5% 






(N = 3) 


(N«6) 


(N«6) 


(N«3) 


(N = 18) 


<30min. 


0 


0 


1 (17%) 


0 


14(78%) 


>30mixL<lh 


p 


1 (17%) 


1 (17%) 


1 (33%) 


4(22%) 


>l-2 h 


p 


2 (33%) 


1 (17%) 


2(67%) 


0 


>2-3h 


p 


2(33%) 


I (17%) 


0 


.0 




2(67%) 


0 


2 (33%) 


0 


0 


>6-121i 


p 


0 


0 


0 


0 


>12h 


1 (33%) 


0 


0 


0 


0 




EDLA 


Study Part 2 

IDLA 




Study Part 3 




120K 


120K EDLA40K IDLA40K 


40KEDLA 




1^5% 


L25% 23% 


2J% 




SJO% 


Time to Onset 


(N»2) 


(N = l) (N = 6) 


(N«6) 




(N = 6) 


530 nun. 


P 


0 2(33%) 


2(33%) 




2(33%) 


>30 nitni<lh 


0 . 


• P 2(33%) 


0 




2(33%) 


>N2h 


0 


0 0 


1 (17%) 




0 


>2.3h 


0 


0 1 (17%) 


1 (17%) 






>3-6h 


0 


0 1 (17%) 


0 




0 


>6-i2h 


0 


0 0 


0 




1 (17%) 


>12h 


p 


1 (100%) . 0 


0 




0 



Note: Gplinmis resulting in fewer than 100% of subjects represented are due to unsuccessful sensory blocks (subjects did . 
niot experience analgesia/aneisthesia). 

*Aiia1gesia=Qubjecb felt 2 or 3 of 3 pinptieks as touch^ressore. Anestfaesia*9ubjecls did not fed any of 3 pinpricks 
^AB data are averaged over treatment group. 



Duration of analgesia/anesthesia was defined as the time between onset of 
analgesia/anesthesia and Ac time when there was a return of a . sensation of sharpness to 
pinprick testing (i.e., loss of analgesia/anesthesia). Duration of analgesia was longer for 
120K EDLA 2.5% compared to 40K EDLA 2.5% (75.0 boms vs 44.3 hours), and both 
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foimulations had longer duration than aqueous bupivacaine (from 7 to 10 hours). Table C5 
summarizes the results, 

A dose-response relationship was apparent for bofli the 120K EDLA (1.25% = 64 
hours, 2.5% = 75 hours) and 40K EDLA (6.3 12% - 5 hours. 0.625% « 39 hours, 1 .25% » 43 
hours; 2.5% = 44.1)ours). The 0.312% concentration of 40K EDLA showed slight efficacy, 
with a duration of block that wia shorter flian that for AB (5 vs 8 hours). The maxfanum 
concOTtration of 40K EDLA (5,0%) ahnost doubled the duration of block compared to the 
2.5% concentration (86 hours compared.to 44:5 hours, respectively). The 120K'IDLA 
formulation at 1,25% produced a relatively long duration of analgesia/anesthesia (72 hours). 

The 2.5% concentration of40K EDLA was selected in Part 1 for comparison with 
40K IDLA in Part 2. As Figure C3 shows, duration of analgesia/anesthesia was longCT for 
2.5% 40K EDLA (45 hours) compared to 2.5% 40K IDlA (20 hoiirs). These data support 
previous findings showing that dexamethasone prolongs flie duration of action of 
bupivacaine. 
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TABLE CS 

Mean Duration (hours) of Analgesia/Anesthesia 



EDLA 120K 
0.625%. 



Study Parti 

EBLA 120K 
1.25% 
(N»3) 



EDLA120K 
2.5% 
(N-3) 



AB* 
0.25% 



Duration (bours) Mean(S£) 



64.0(11.1) 



75.0(9) 



10.3 (2.8) 



EDLA40K. 
0312% 
(N = 3) 



EDLA4bK 
0.625% 
(N«6) 



Study Parti 
EDLA40K 
1.25% 



£DLA40K 
2.5% 
CN°3) 



AB" 

0.25% 



5.0 (3.6) 



38.6(5.6) 



Duration Oiouis) Mean (SE) 



42.9(9.8) 



44.3(2.2) 



8.1 (0.9) 



Study Parti • 

EDLA120K IDLA120K EDLA40K IDLA40K 

1.25% 1^% 2.5% 2.5% 

(N"2) (N«»1V (N = 6) (N°<>) 



Duration (hours) Mean (SB) 
72.0(0) 44.5(101) .20.3^7.4) 



Study Part 3 
40KEDLA 
S.0% 



86.0(17.0) 



"Not alt subjects in all dose/treatment groups experienced suceessfiil senBory blocks. 
^AB data are averaged over treatment poup 



Incidence of Anaigeiria/Anestliegla 
Across all 40K EDLA dose groups, analgesia wa& observed in 67% to 100% of 
subjects. A dose-response effect was evident wifii respect to percent of subjects experiencing 
analgesia: 0.312% = 67%, 0.625% = 83%, 1.25% = 67%. 2.5% = 100%; and 5.0% = 100% of 
subjects, and anesthesia: 0.312% = 33%. 0.625% = 67%, 1.25% = 100%, 2.5% = 100%; and 
5.0% = 83% of subjects. For compaiison, in the subjects tested wifli aqueous bupivacaine, 
analgesia was observed in 100% of subjects, and anesthesia was observed in 83% of siibjects. 
In contrast, in the 120K EDLA groups, 0-100% of the subjects reported analgesia; and 0-67% 
of the subjects oqierienced anesthesia. 



. bi die 40K 2.5% conqurison, BDLA was more closely associated widi analgesia than 
was IDLA (EDLA = 100% of subjects; IDLA = 61% of subjects), lie 5.0% concenliation of 
40i; BDLA resulted in anesAesia in 83% of subjects aiid analgesia in 100%.of subjects. 
Results are summarized by treatment group in Table C6. 
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TABLE C6 

Incidence of Analgesia/Anesthesia dumber (%)) 

Study Parti 
EDLAHOk . EDLA120K EDLA120K 
0.625% 1.25% 2.5% 
fW°3> fN«31 (N-3) 



AB' 
OJS% 



. No. (%) with analgesia* 

No. (%) with anesthesia*' 



0 



2(67%) 



2(67%) 
2(67%) 



9(100%) 
9(100%) 



EDLA40K EDLA40K 
0312% 0.625% 
(N = 3) {N"6) 

No. (%) with analgesia" 

2(67%) 5(83%). 

No. C/o) with anjss&esia*' 



Study Parti 
EDLA40K 
1.25% 
<N°6^ 



EDLA40K 
2.5% 



AB* 

0.25% 
(N.°lg) 



4(67%) 



3(100%) 



18.(100%) 



Study P 

EDLA120K IDL4120K . 
1^5% 1.25% 
(N = 2) 


art2 

EDLA40K lDLA40k - 
2.5% 2.5% 
' (N-6i 


l5t«dyPart3' 

£DLA46k 
5.0% . . 
(N-6) 


No. C%) with analgesia** 

0 1(100%) 
No. (%) with anesthesia'' 

0 iaoo%) 


6(100%) . 4(67%) 
3(50%) 4(67%) 


6(100«/o) 
5(83%) 



^Subjects felt 2 or S of the 3 pmpricks a$ touch/piessure 
"Ejects did not feel any of Ipinpricks 
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Somesthetlc Testing 

Analgesia and anesthesia, assessed by flie response to son^estlietic testing 
(temperature perception), is shown in Table C7 below, as a fonction of time after 
administration of EDLA or IDLA formulations or aqueous bupivacaine. 



TABLE C7 
Somesthetlc Test Results vs. Time 



BaseUne 
N. 
Mean 
SE* 

Minimum 
Median 
Maximum 
Hour 0^ 

Mean 
SB* 

Minimum 
Median 
Maximum 
Hour 1 ' 
N' 

' Mean 
SB* 

Minimum 
Median ' 
Maximum 
Hour 2 
N. • 
Mean 
SE» 

Minimum 
' Median 
Maximum 
Hour 3 
N 

Mean 
SB* 

Minimum 

Median 

Maximum 

Hour 6 

N • 

Mean 

SB* 

Minimum 

Median 

Maximum 



40K 








120K 


120K 


12(|K 


EDLA 


' EDLA 


EDLA 


EDLA 


EDLA 


EDLA 


EDLA 


0312% ' 




135% 


2^% 


0.625 


135% 


230% 










% 






3 


6 


6 


3 


3 


3 


.3 


l.OO 


1.00- * 


LOO 


LOO 


LOO 


LOO 


LOO 


0.00 


0.00 


0.00 


0.00 . 


0.00 


0.00 


0.00 


1.00 


1.00 


LOO 


LOO 


LOO 


LOO* . 


LOO 


1.00 


1.00 


LOO 


LOO 


LOO 


LOO 


LOO 


1.00 


1.00 


LOO 


LOO 


LOO 


* 1.00 


LOO ' 


3 


6 


6 


3 


3 


3 


3 


l.OO 


1.00 


LOO 


LOO 


l.OO 


i.oo 


LOO 


0.00 


0.00 


.0.00 


0.00 


0.00 


0.00 


0.00 


l.OO 


1.00 


LOO 


LOO 


LOO 


LOO 


.LOO 


l.OO 


i.oo. 


LOO 


l.OO 


LOO 


LOO 


LOO. 


LOO . 


1.00 


LOO 


LOO 


LOO • 


1.00 


1.00 


3 


6 


6 


3 


3 


3 


' 3 


l.OO 


0.83 


0.83 


1.00 


1.00 


LOO 


L00\ 


0.00 


0.17. 


0.17. 


0.00 


0.00 


0.00 ' 


0.00 • . 


1.00 


0.00 


o.oo' 


LOO 


LOO 


LOO 


LOO 


1.00 


1.00 


' LOO 


LOO 


1.00 


LOO 


•LOO 


1.00 


1.00 


LOO 


LOO . 


LOO 


LOO 


LOO . 


3 


6 


6 


3 


3 . 


3 


3 


i.oo 


LOO . 


; 0.67 


o:oo 


LOO 


LOO . 


1.00 


0.00 . 


0.00 


0.21 


0.00 


0.00 


0.00 


0.00 


1.00 


LOO 


0.00 


0.00 


LOO 


LOO 


1.00 


1.00 


1.00 


LOO 


0.00 


LOO 


LOO 


LOO 


1.00 


1.00 


LOO 


0:00 


LOO 


1,00 


1.00 


3 


6 


' 6 


3 


3 ' 


3 


3 


1.00 


0.83 


033 


0.00 


LOO 


1.00 


LOO. 


0.00 


o.n 


031 


0.00 


0.00 


0.00 


0.00 


1.00 


0.00 


0.00 


0.00 


1.00 


LOO 


LOO 


1.00 


Lqq 


0.00 


0.00 


LOO 


' LOO 


1.00 


1.00 


1.00 


LOO 


0.00 • 


LOO 


1.00 


LOO 


3 


6 


6 


3 


3 


3 


3 


0.67 


033 • 


0.00 


0.00 


LOO 


0.67 


LOO 


0.33 


0.21 


0.00 


0.00 


0.00 


0.33 


0.00 


0.00 


0.00 


0.00 


0.00 


LOO 


0.00 


LOO 


1.00 


0.00 


0.00 


0.00 


LOO 


LOO 


LOO 


1.00 


LOO 


' 0.00 


0.00 


LOO 


LOO 


LOO. 



120K 



I • 
LOO 

LOO 
LOO 
1.60 

I 

l.OO 

LOO 
LOO 
LOO 

1 

LOO . 

LOO 
•LOO 
LOO 

1 

LOO 

LOO 
LOO 
LOO 

1 - 
LOO 

LOO 
LOO 
LOO 

1 

l.OO 

LOO 
LOO 
1.00 



40X 


40K 


Aal 


IDLA 


EDLA 


- Biqi. 


23% 


. 53% 


0.25% 


0 


0 


0 




1 AA 
l.UU 


l.UU 


0.00 


. 0.00 , 


.0.00 


LOO 


LOO 


LOO 


l.UU 


f AA ' 
l.UU 


1 AA 
I.UU 


1 An 
l.UU 


1 AA 
i.UU 


t AA 
|.UU 


0 . 


D 


0 


1 AA 
l.UU 


< A 01 

U.oJ 


A A A 

u.oo 


d.oo 


0.17 


0.00 


LOO 


0,00 


0.00 


1 An 
l.UU 


.l.UU 


A AA ' 
U.UU 


1 AA 

.1 .UU 


1 AA 

l.UU 


A AA 

0.00 






0 


A 91 


A Ql 

U.oJ 


A AA 
U.UU 


ft 17 

V.I / 


A 17 


A AA 
U.UU 


0.06 


0.00 


0.00 


1.00 


LOO 


0.00 


LOO 


LOO 


0.00 


6 


6 


6 


0.83 


0.67 


0.00 


0.17 


0.21 


0.00 


0.00 


0.00 


0.00 


LOO 


LOO 


0.00 


LOO 


LOO 


0.00 


6 


6 


6 


030 


0.83 


0.17 


032 


0.17 


037 


o.otf 


0.00 


0.00 


0.50 


LOO 


0.00 


LOQ 


1.00 


LOO 


6 


6 


6 


030 


0.67 


033 


032 


031 


031 


0.00 


0.00 


0.00 


0.S0 


LOO 


0.00 


LOO 


LOO 


LOO 
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• 


40K 


40K 


40K 


40K' 


120K 


UOK 


120K 


UOK 


40K 


40K 


Aq. 




EDIA 


EDLA 


. EDIA 


EDLA 


EDLA 


EDLA 


EDLA 


1DLA 


IDLA 


EDLA 


Hup. 




0312% 


0.625% 


1^% 


2.5% 


0.625 

% 


1.25% 


2.50% 


1.25% 


23% 


5.0% 

* 




• 

Hour 12 . 

N • 
Mean 








• 














' 3 


6 . 


6 


3 


3 


3 


3* 


1 


6 


6 


6 


SB* 


0.67 


0.33 


0.00 


0.00 


LOO 


0.33 


0.67 


LOO 


0.67 . 


0.6b 


0.83 


^fiIlinlum 


0.33 


0.21 


0.00 


0.00 


0.00 


0.33. 


0.33 


* 


0.21 


0.00 


6.17 


Median. . 


0.00 • 


0.00 


0:00 


0.00 


LOO . 


0.00 


0.00* 


LOO 


0.00 


0.00 


0.0Q 


Maximum • 


1.00 


0.00 


0.00 


0.00 


LOO 


0.00 


LOO 


LOO 


LOO 


0.00 


1.00 




t;00 


LOO 


0.00. 


0.00 


LOO 


LOO 


LOO 


LOO 


LOO 


0.00 


LOO 


Dayl, 
















. 








morning 
























N 


3 


6 


6 


3 


3 


3 


3 


1 


6 


6 


6. 


Mean 


1.00 


0.33 


0.33 


0.00 


LOO 


0.33 


0.67 


LOO 


0.83 


0.06 


LOO 


SB* 


0.00 


0.21- . 


0.21 


0.00 


0.00 


0.33 


033 




0.17 


0.00 


0.00 


Minimum 


' 1.00 


0.00 


0.00 


0.00 


LOO 


0.00 


0.00 


LOO 


0,00 


0.00 


1.00 


Median' 


1.00 


6.00 


0.00 


0.00 ' 


LOO 


0.00 


LOO 


1.00 


LOO 


0.00 


LOO 


Maximum 


LOO 


LOO 


1.00 


0.00 


LOO 


LOO 


LOO 


1.00 


LOO 


. 0.00 


1.00 . 


Dayl, 
























evening 
















« 








N • 


3 


6 , 


6 


3 


3. 


3 


3 


1 


6 


6 


6 


Mean 


1.00 


0.67 


0.83 . 


0.00 


LOO 


0.33 


•0.67 


LOO 


0.83 


0.00 


1.00 


SB* 


.0.00 


0.21 


0.17 


0.00 


0.00 


0.33 


033 




0.17 


0.00 


0.00 


Minimum . 


1.00 


0.00 


0.00. 


0.00 


LOO 


0.00 


0.00 


LOO 


0.00. 


0.00 


loo' 


Median 


1.00 


LOO 


1.00 


0.00 


LOO 


0.00 


LOO 


1.00 


LOO 


0.00 


LOO 


Maximum • 


1.00 • 


LOO 


LOO 


0.00 ' , 


1.00 


1.00 


LOO 


LOO ^ 


LOO 


0.00 


1.00 


Day 2, 




• 


















morning 
























N 


3 


6 


6 


.3 


I 


2 


I 


I 


3 


6 


6 


Mean 


0.67 


LOO 


LOO 


LOO 


LOO 


0.00' 


0.00 


0.00 


LOO 


0.17 


1.00 


SB* 


0.33 


0.00 


0.00 


0.00 




.0.00 






0.00 


0.17 


0.00 


Minimum- 


0.00 


LOO 


LOO 


LOO 


LOO 


0.00 


0.00 


0.00 


1.00 


. 0.00 


1.00 


Median 


1.00 


LOO 


LOO, 


LOO 


LOO 


0.00 


0.00 


0.00 


LOO 


0.00 


LOO. 


Maximum 


1.00 


1.00 . 


LOO 


1.00 


LOO 


0.00 


0.00 


0.00 


LOO. 


LOO 


LOO 


Day 2, 


















•evening 
























N 


3 


6 


6 


3- 


3 


3 


3 


1 . 


6 


6 


6 


Mean 


1.00 


0.83 


LOO 


1.00 


LOO 


0.33 


0.67 


LOO 


1.00 


0.33 


LOO 


SE* 


0.00 


0.17 


.0.00 


0.00 


0.00 


0.33. 


033 




0.00 


0.21 


0.00 


Minimum 


LOO 


o;oo* 


LOO 


LOO 


LOO 


0.00 


0.00 


1.00 


1.00 


0.00 


LOO 


^fcdian 


LOO 


LOO 


LOO . 


1.00 


LOO 


0.00 


LOO 


LOO 


LOO 


.0.00. 


LOO 


Maxiihum 


LOO 


LOO 


LOO 


LOO 


LOO 


LOO 


' LOO 


LOO 


1.00 


1.00 


1.00 


bays/ 














• 




momUig 
























N 


3 


3 


2 


2 




2 . 


1 


1 


2 


6* 




Mean 


LOO 


LOO 


LOO 


LOO 




0.00 


1.00 


0.00 


1.00 


0.50 


LOO 


SB* 


• 0.00 


0.00 


0.00 


0.00 




0.00 






0.00 


•0.22 


0.00 


Minimum 


LOO 


LOO 


LOO 


LOO 




0.00 


LOO 


0.00* 


LOO 


0.00 


LOO 


Meaian 


1 AA 
l.UU 


1.00 


1 An 

LOO 


LOO 




. 0.00 


LOO 


6.00 


LOO 


0.50 


LOO 


K^mum 


1.00 , 


LOO . 


IJX) 


LOQ 




0.00 


LOO 


0.00 . 


LOO 


LOO 


LOO 


Day 3, 


















evening 
























N 


3 


6 


6 


3 


3 


3 . 


3 • 


1 


6 


6 


6 


Mean 


LOO 


LOO 


LOO 


. LOO 


1.00 


0.67 


0.67 


LOO 


LOO 


0.50 


LOO. 


SB* 


0.00 


0.00 


0.00 


0.00 


0.00 


0J3 


033 




0.00 


0.22 


0.00 


Minimum 


f LOO 


LOO 


LOO 


LOO 


1.00 


0.00 


0.00 


LOO 


LOO 


0.00 


LOO 


Median 


LOO 


1.00 


LOO 


1.00 


LOO 


LOO 


LOO 


LOO 


LOO 


0.50 


LOO 


Maximum 


LOO 


1.00 


LOO 


1:00 


1.00 


LOO 


LOO 


1.00 


LOO 


LOO 


LOO 
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40K 40K 40K 40K 
EDLA EDLA EDLA EDLA 
0J12% 0.625% 1.25% 25% 



Pay 4, 
morning 



120K 120K 120K 

EDLA EDl^ EDLA 

0.625 IJ5% 250% 
% 



120K 40K 40K Aq. 
IDLA IDLA BDLA Bup. 
L25% 25% S.0% 0^% 











1 
1 




L 


1 
1 


1 
1 


L 


ii * 
4 


0 


Mean 


1 on 


• 




l.UU 




1 An 
LUU 


t AA 
i.UU 


1 AA 

LUU 


1 AA 

LUU 


• 0.75 


1 AA 

LOO 




Ann 










A AA 
U.UU 




A AA 
U.UU 


A 1C 

U.25 


A AA 
0.00 


ivunjiijuni 


1 nn 






LUU 




1 AA 


1 AA 
LUU 


t AA 

LOO . 


1 AA 

LOO 


A AA 

0.00 • 


LOO 


MiBCUBIl 


1 nn 






1 AA 
l«UU 




1 AA 

LUU 


1 AA 

LOO 


LOO 


.LOO 


LOO 


LOO 


Maxiinuxn 


L.UU 






1 fVA 

LUU 




1 AA 

LOU 


1 AA 

LOO. 


LOO 


' LOO 


LOO 


LOO 


























evening 
























N 


3 


' 6 


6 


3 


3 


3 


3 


I 


6 


6 


6 


Mean 


LOO 


LOO 


LOQ 


LOO 


LOO 


LOO 


LOO 


LOO 


LOO 


0.83 


LOO 


SB* 


0.00 


0.00 


aoo 


0.00 


0.00 


• 0.00 


0.00 




0.00 


0.17 


0.00 


Minimum 


LOO 


LOO 


LOO 


LOO 


LOO 


LOO 


LOO 


LOO 


LOO 


0.00 


LOO 


Median 


LOO 


LOO 


LOO 


LOO 


LOO 


t.OO 


LOO 


LOO 


LOO 


LOO 


LOO 


Maximum 


LOO 


LOO 


LOO 


LOO 


LOO 


LOO 


LOO 


LOO 


LOO 


LOO 


LOO 


Days, 






















morning 
























N 












I 








.3. 




Mean. 












LOO 








LOO 




Sfi* 




















0.00 




Minimum 












LOO 








LOO 




Median 




















LOO 




Maximum 












LOO 








LOO 





- T 



5 

LOO 
0.00 
LOO 



6 

LOO 
0.00 
LOO 



LOO LOO 



evening 
N 

Mean . 
SB* 

Mjnimuni .-r 
Median . 
Maximuifi 

Basdine » Day 1« prt-injectim. 
/ *SB » Standaid Error. 

SbroesOielie Test: 0» not fed a diange in 



Temperature perpeption block, as defined by the response to somesthetic testing, was 
achieved within 6 hours of administration of EDLA or IDLA fonnulations. In some 
mstances, temperature perceptipn block was achieved within 1 to S. hours. The return to 
nprmal sensation varied between 1 to 4 days, time to maximum effect varied as well, with 
maxiinum effect being achieved between 2 hours and 2 days after administration of BDLA or 
IDLA form^flationfi.* 

Onset oftempeiature perception block was defined as the first timQ at which the 
subject did not feel a changp in temperature. Like the analgesia/anesOiesia data, the time to 
onset of temperature perception block results revealed that, for the most part, subjects in the 
40K EDLA groups had a shorter onset than in the, 120K groups. As can be seen in Table C8, 
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more subjects in the AOfL groups experienced blockade of temperatuie peiceptioii within 3-6 
hours (83% across doses) compated to subjects in ti[ie 120K EDLA groups (1 1% across 
doses). Aqueous bupivacame'0.2S% had flie most rapid onset of temperature perception 
block, with 89% of subjects experiencing onset within 1 hour. 

As wifli the onset of analgesia/anesthesia, 2.5% 40K EDLA was the most effective 
dosp in terms of time to onset, with iOO% of subjects demonstrating block of temperature 
perception within 2 hours (vs. 0.312% « 0, 0.625% = 17%; 1.25% = 33%). The liiaximal 
dose of 40K: EDLA, 5,0%, had an onset slightly longer than that of the other 40K groups, 
with 50% of subjects showing temperature perception block within the first 6 hours and the 
other 50% in the next 6 hours. 

The 40K EDLA foimulation had a more rapid onset of tempj^rature perception block 
than 40K IDLA (40K EDLA = 33% within 1 hour, 40K EDLA ^ 17% within 1 hour). The 
single subject in Ae IDLA 120K group did not demonstrate temperature perception blbcka'de 
until after 12 hours post-injection. The results of these data were simil^^ 
analgesia/anesiOiesia results and suggest that administcation Qf EDLA to these intercostal 
nerves in the selected doses produces more rapid onset of action than 
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TABLE C8: Onset of and Duration of Temperature Perception Block 



Study Parti 






JLDLA 120K 


EDLA120K EDLA120K 


AB* 










X«9 /O 




Tline to Onset 






(^ = 3) 


(N-3) 




<30iiiin. 




0 


0 


0 


9(100%) 


>30 min.<lh 




0 


0 


0 


0 . 


>l-2h 




0 


0 


0 


0 


>2-3 h . 




.0 


0 


.0 


0 


>3-6h 




0 


1(33%) ■ 


0 


0 


>6-12h 




0 


1(33%) . 


1 (33%) 


0 


>i2h 




0 


1(33%) 


1 (33%) 


. 0 


Mean Duration [h] (S£) 


0 


. 70.0(5.3) 


36.0(36.0) 


9.5(1.6) . 


Range 




0 


72.0-78.0 


36.0-72.0 


8.5-17.5 


TInie to Onset 


EDLA40K 
0312% 
(N-3) 


EDLA 40K 
0.625% 

(N=>6) 


EDLA40K EDLA40K 
1.25% 25% 
(N = 6) , (N«3) 


AB* 
0.25% 
(N = 18) 


<30niin. ' 


' 0 


0 


0- 


0 


14(78%) • . 


>^30min.<lh 


0 


1 (17%) 


I (17%) 


- 0 


1 (6%) 


>l-2h 


' 0 


.0. 


1 (17%) 


3 (100%) 


201%) 


>2-3 h 


0 


1 (17%) 


. 2(33%). . 


0 


0 


>3-6h 


1(33%) 


3(50%) 


2(33%) 


0. 


0 


>W2h 


1 j[33%) 


0 


0 


0 


0 


• >l2h 


1 (33%) . 


0 


0 


. 0 


0 


Mean Duration- 
[hl(SB) . 


3(1.7) 


26.5(6.7) 


24.5.(3.9) 


40.a(0) 


8.7(1.1) 


Range 


3.0-6.0- 


28.0-42.5 


25.5-39.0 


40.0-40.0 


8".5-17.5 






Study Part 2 




Study Part 3 . 


Time to Onset- 


EDLA 120K 
1.25% 
(N-2) 


n)LA120K EDLA40K n)LA40K . 40KPDLA 
1.25% , 2jS% 2.5% 5.0% 
(N«l)- (N«6) (N«6) . " (N = 6) 


<30niin. 


0 


0 1 (17 


'%) 0 




1 (17%) 


>30nnn.<ll) 


0 


0 1(17%) 107%) 




0 . 


>l-2h 


0 


0 0 


1 (17%) 




1(17%) 


>2-3h 


0 


0 0 


1 (17%) 




0 


9^3-6 h 


0 


0 2 (33 


<%) 1 (17%) 




1 (17%) 


>6-12h 


0 


0 1 (17 


'%) 0 


> 


3(50%) 


>12li 


0 


1(100%) 1(17%) 0 




0 


.Mean Duration 
[hl(SE) 


0 


0 32.2(8.7) 13.5(4.5) 




60.0(8.1) 


-Range 


0 


0 30.0^8,0 13J.24.5 




58.0-94.0 
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As can be seen in Table C8, ftie duration of temperature perception block was greater 
in flie 120K EDLA groups (53 hours overall for patients who experienced temperature 
perception block) relative to the 40K BDLA groups (3l hours) across doses. This elSect wds 
true primidiy for the 120K 125% group, in which the mean duration of temperacture 
perception block was 70 hours! This was longer than any other group. As wiOifiie 
analjgesia/anesthesia results, aqueous bupivacaine had a relatively short mean duratioii of 
action (about 9 hours). . 

Within the 40K EDIA groups, a dose-effect relationship was observed, with the 
lowest dose producing the shortest duration of temperature perception block and flie highest 
dose the longest duration (0.3 12% = 3 hrs, 0.625% = 27 hrs, 1.25% = 25 hrs, 2.5% = 40 hrs). 
The relationship was less clear for the 120K EDLA groups (0.625% = no blocks, 125% ^ 70 
hrs, 2.5% = 36 hrs). Ihese results demonstrate! that EDLA has a longer-lasting effect flian 
aqueous bupivacaine. 

As Figure C6 and Table C8 show, duration of temperature perception block was 
longer in the 40K EDLA 2.5% group (32 hours) than in fee 40K IDLA 2.5% group (13.5 
hours), supporting the notion that the addition of dexamethasone to the EDLA formulation 
extends its duration of actida The maximal 40K EDLA dose, 5.0%, produced a mean 
duration of temperature perception block ttiat was longer flian that seen in aiy other 40K 
EDLA.-group (60 hours), although not as long as the longest duration seen m the Study Part 1 
126k group (1 .25% = 70 houra). 

Degree of Numbness 

Analgesia and anesthesia, assessed as the degree of numbness on a scale of 0-10, with 

0 = not numb, and 10 = totally numb, is shown in Table C9 below and Figures C7-C10, as a 

function of time after administration of EDLA or IDLA formulations or aqueous bupivacaine. 
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TABLE C9 
Degree of Numbness Results vs. Time . 
40K EDLA. 120K EDLA and IDIA . 





40K 


40K 


40K 


40K . 


120K 


120K 


120K 


120K. 


40K > 


40K 


Aq. 




EDLA 


£I>LA 


EDLA- 


EDLA 


Ea>LA 


EDLA 


EDLA IDLA 


IDLA 


EDLA 


Bup. 




0312 




105% 


. 23% 




1.25% 


150% 


1^5% 


IS% 


5.0% ' 


03% 




'% 


% 






% 














Baseline 
















• 








N 


3 


6 


6 


3 


3 


3 


3 


1 


6 


6- 


6 


Mean 


0.00 


0.00 . 


0.00 


0.00 


0.00 


0.00 


0.00 


o.do 


0.00 


0.00 


0.00 


SB* 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 • 




0.00 


0.00 


0.00 


Minimum 


.0.00 


0.00 


0.00 


0.00 


0.00 


0.00 . 


0.00 


0.00 . 


0.00 


0.00 


0.00 


Median 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


-0.00 


0.00 


0.00 


Maximum 


0.00 


.0.00 


0.00 


0.00 


0.00 


0.00 


0.00- 


0.00 


0.00 • 


0.00 


0.00 


Hour 0»5 
























N 


3 


6 


6 


3 


3 


3 


3 


I 


6 


6 


6 


Mean 


0.00 


0.33 


1.50 


1. 00 


0.00 


0.00 


0.00 


0.00 


, 0.67 


2.83 


8.00 


SB* 


0.00 


0.33 


V15 


l.OO 


0.00 


0.00 


0.00 




0.33 


1.30 


0.63 


Minimum 


0.00 


0.00 


0.00. 


0.00 . 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


6.00 


Median 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.50 


2.00 


.8.00 


Maximum 


0.00 


2.00 


7.00 


3.00 


0.00 . 


o.oq 


0.00 


0.00 


2.00 


9.00 


10.00 


Hourl 
























N 


3 


6 


6 


3 . 


3 


3 


3 


1 


6 


6 


6 


Mean 


0.00 


0.33 


3.17 . 


3.33 


0.00 


0.00 


0.00 


0.00 


1.50 


6.33 


9.17 


SB* 


0.00 


0.33 


2.01 


0.88 


0.00 


0.00 


0.00 




0.62 


1.65 


0.31 


Minimum 


0.00 


0.00 


0.00 


2.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 • 


8.00 


Median 


0.00 


0.00 


0.00 


3.00 


0.00 


6.00 


0.00 


0.00 


1.50 


7.50 


9.00 


. Maximum 


0.00 


2.00 


10.60 . 


5,00 


0.00 


0.00 


0.00 


0.00 


4.00 


9.00 , 


10.00 


Hour 2 






















N 


3 


6 


6 


3 


3 


3 . 


3 


I 


6 


6 


6 • 


Mean *. 


0.00 


2.33 


4.60 


. 8.67 


0.00 


0.00 


0.00 


0.00 


2.67 


7.33 


933 


SB* 


0.00 


LOS 


2.00 


1.33 


0.00 


0.00 


0.00 




0.92 


1.67 


0.33 


Minimum 


0.00 


0.00 


^0.00 


6.00 


0.00 


0.00 


• 0.00 


0.00 


0.00 


0.00 


8.00 


Median 


0.00 


IJO 


2.00 


10.00 


0.00 


0.00 


0.00 


0.00 


3.00 


9.50 


9.50 


Maximum 


0.00 


. 6.00 


10.00 


10.00 


0.00 


0.00 


0.00 • 


0.00 


5.00 


10.00 


10.00 


Honr3 




















N . 


3 . . 


6 


6 


3 


3 


3 


3 


1 


6 . 


6 


6 • 


Mean 


0.00 


4.67 


5.67 


10.00 


0.00 


0.00 


0.00 


0.00 


4.50 


7.83 


9.67 


SB* 


0.00 


1.50 


1.94 


0.00 


0.00 


0.00 


0.00 




1.50 


1.58 


0.21 


Minimum 


0.00 


0.00 


0.00 


10.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


9.00 


Median 


0.00 


S.OO 


7.00 


10.00 


0.00 


0.00 


0.00 


0.00 


5.50 


9.00 


lO.Op 


Maximum 


O.uO 


9.00 


10.00 


10.00 


0.00 


0.00 


0.00 


0.00 


8.00 


10.00, 


10.00 


Hour ( 




















N 


3 


6 


6 


3 


3 


3 


3 


I 


6 


6 


6 


Mean . 


133 


^.33 


8.17 


9.67 


0.00 


2.67 


0.00 


0.00 . 


6.17 


8.67 


9.17 


SB* • 


1.33 


1.58 


1.14 


0.33 


0.00 


2.19 


0.00 




1.97 


1.33 


031 


Minimum 


O.OO 


0.00 


3.00 


9.00 


0.00' 


0.00 


0.00 


0.00 


0.00 


2.00 


8.00 


Median 


0.00 


7.00 


9.50 


10.00 


0.00 


..1.00 


0.00 


0.00 


8.50 


10.00 


9.00 


Maximum 


4.00 


10.00 


10.00 


10.00 


0.00 


• 7.00 


• 0.00 


0.00 


10.00 


10.00 


10.00 


Hour 12 


















N 


3 


6 


6 


3 


3 


3 


3 


1 . 


6 . 


6 


6 


Mean 


2.67 


7.33 


10.00 


9.33 


0.00 ' 


4.67 


1,67 


0.00 


4.83 


8.67 


133 


,iSB* 


2.19 


1.50 


0.00 


0.67 


0.00 


233 


1.67 




Z17 


•0.88 


0.80. 


Minimum 


0.00 


0.00 


10.00 


8.00 


0.00 


0.00 


0.00 


0.00 


0.00 


5.00 


0.00 


Median 


. 1.00 


8.50 


10.00 


10.00 


0.00 


. 7.00 


0.00 


0.00 


4.50 


10.00 


0.50 


Maximum 


7.00 


10.00 


10.00 


10.00 


•0.00* 


.7.00 


5.00 • 


0.00 


10.00 


10.00 


5.00' 
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40K 


4QK 


4QK 


40K 


120K 


120K 


120K 


120K 


40k 


40K 


Aq. 




EDLA 


EDLA 


EDLA 


EDLA 


EDLA 


EDLA 


EDLA 


IDLA 


IDLA 


EDLA 




0312 


.0*625 . 


1^% 


2.5% 


OJSIS 


1.25Vo 


230% 


135% 


23% 




03% 




■% 


% 






%' 














Day J, 
























morning 
























N 


3 


6 


6 


3 


3 


3 


3 . 


1 


6 


6 


6 


Mean 


0.33 


6.83 


9.00 


8.67 • 


0.00 


433 


1.67 


0.00* 


2.00 


7.83 


033 


SB* 


033 


1.38 


' 0.82 


133 


0.00 


233 


1.67 




1.26 


1.01 


0.33 


Minimum 


0.00 


> 0«00 * 


S.OO 


. 6.00 


0.00 


0.00 


0.00 


0.00 


0.00 


5.00. . 


0.00 


Median 


0.00 


8.00 


10.00 


IQ.OO 


0.00 


5.00 


0.00 


0.00 


0.00 


8:50 


0.00 


Maximum 


1.00 


9.00 


10.00 


10.00 


0.00 


8.00 


5.00. 


0.00 


6.00 


10.00 


2.00 


Dayl, 




















evening 
























N 


3 


6 


6 


3 


3 . ' 


3 


3 


I 


6 


6 


6 


Mean ' 


.0.00 


3.17 


2.83 


8.33 


0.00 


3.67 


133 - 


3.00 


0.83 


6.67 


1.50 


SE* 


0.00 


l.ll 


1.64 


1.20 


0:00 


1.33 


133 




0.83 


0.95 


1.50 


Minimum 


0.00 


0.00 


0.00 


6.00 


0.00 


l.OO . 


0.00 


3.00 


0.00 


3.00 


-0.00 


Median 


0.00 


2.50 


1.00 


9.00 


0.00 


5.00 


0.00 


3.00 . 


0.00 


6.50 


0.00 


Maximum 


o.do 


8.00 


10.00 


10.00 


0.00 


5.00 


4.00 


3.00 


5.00 


10.00 


9.00 


Day 2, 


















* 






morning 
























N 


3 


6 . ' 


6 


3 


1 


2 


1 . 


1 


3 


6 


6 


Mean 


033 


0.17' 


1.83 


.4.00 


6.00 


430 


3.00 


7.00 


' o.ob 


4.83 


0.00 


SB* . 


0.33 . 


Q.17 


L47 


1.00^ 




0.50 






0.00 


1.11 


0.00 


Minimum 


0.00 


0.00 


0.00 


' 3.00' 


.0.00 


4.00 


3.00 


7.00 


0.00 


3.00 


0.00* 


Median- 


0.00 


0.00 


0.00 


3.00 


0.00 


4.50 


3.00 


7.00 


0.00 


4.00 


0.00 


Maximum 


i.op 


1.00 


9.00 


6.00 


0.00 


5.00 


3.00 


7.00 


0.00 


10.00 


0.00 


Day t, . * 
























evening 
























N 


3 


6 


6 


3 


3 


3 


3 


I 


6 


6 


6 


Mean 


0.00 


033 


0.83 


1.00 


0.00 


2.67 


1.33 


10.00 


0.00 


4.33 


6.33 


SB* 


0.00 


033 


0.83 


1.00 


0.00 


1.45 


133 




0.00 


0.92 


0.33 


Minimum 


0.00 


0.00 


0.00 


0.00' 


0.00 


1.00 


0.00 


10.00 


0.00 . 


2.00 


0.00 


Median 


0.00 


0.00 


0.00 


0.00 


0.00 


3.00 . 


0.00 


10.00 


0.00 


3.50 


0.00 


Maximum 


0.00 


2.00 


5.00 


3.00 


0.00 


5.00 


4.00 


10.00 


0.00 


8.00 


2.00 


pays, 






















rooming 






■ 


















N . 


3 


3 


2 . 


2 




2 


1 


i 


2 


6 


3 


Mean 


0;00 


0.00 


1.50 


0.00 




4.00 


3.00 • 


10.00 


0.00 


3.17 


0.00 


SB* 


0.00 


6.Q0 


1.50 


0.00 




1.00 






0.00 


1.19 


0.00 


Minimum 


0.00 


Q.OO 


.0.00 


0.00 




3.00 • 


3.00 


10.00 


0.00 


0.00 


0.00 


Me<^an' - 


0«00 


0.00 


1.50 


0;00 




4.50 


3.00 


10.00 


0.00 


2.50 


0.00 


Maximum 


0.00 


0.00 


3.00 


0.00 


• 


5.00* 


3.00 


10.00 


0.00 


8.00 


0.00 


Day 3, 




















evening 




















• 




N 


3 


6 


6 


3 


3 


3 


;3 


.1 


.6 


6 


6 


Mean 


0.00 


0.00 


0.33 


033 


0.00 


1.33 


0.67 


7.00 


0.00 


2.83 


0.00 


SB* 


0.00 


0.00 


0.33 


0.33 


0.00 


0.88 


0.67 




0.00 


1.25 


0.00 


Minimum 


0.00 


0.00 


o.bo 


0.00 


0.00 


0.00 


0.00 


7.(M) 


0.00 


0.00 


0.00 


Median 


A AA 

u.uu 


A AA 


A AA 


A AA 

v.Ov 


0.00 


1.00 


0.00 


7.00 


. 0.00 


1.50 


.0.00 


Maximum 


0.00 


0.00 


2.00 


1.00 


0.00 


3.00 


•2.00 


7.00 


0.00 


8.00 


0.00 


Day 4. 




















rooming 
























N 


2 






1 




2 


1 


1 


2 


4 




Mean 


0.00 






0.00 




030 


0.00 


0.00. 


0.00 


• 3.00 




SB* 


0.00 










0.50 






0.00 


1.08 




Minimum 


. 0.00 






0.00 




0.00 


0.00 


0.00 


0.00 


1.00 




Median 


0.00 






0.00 




0.50 . 


0.00 


0.00 


0.00 


2.50 




• Maxtmum 


.0.00 






0.00 




1.00 


0.00 


0.00 


0.00 


6.00 
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40K 


40k 


40K 


40K 


120K 


noK 




EDLA 


EDLA 


EDLA 


EDLA 


EDLA 


EDLA 




0312' 


0.625 


1.25% 


ts% 


0.(25 


1J5% 




% 


% 






% 




Day 4, . 














evening. 














N 


3 


6 


6 


3 


3 


3 


Mean'v 


0.00 


0.00 


0.00 


0.00 


0.00 


0.33 


SE* 


0.00 


0.00 


. 0.00 


0.00 


0.00 


033 


Mmimum 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


Median 


0.00 


0.00 


0.00 


0.00 


0.00 


0,00 


Maximum 


0.00 


O.00 


0.00 


0.00 


p.oo 


1.00 


Days, 














merning • 














N 












1 


Mean 












o:oo 


SB* 














Minimum 












0.00 


Median - 


-.r 










0.00 


Maximum 


-.- 










0.00 


Days, 














evening 














N 










3 


3 


Mean 


-- 


/ 






0.00 


0.33 


SB*, 




— 




.'. . . 


0.00 


0.33 


Minimum 










' 0.00 


0.00 


Median 










0.00 


ooo 


Maximum ' 




... 




. 


0.00 


1.00 


Day 6, 










• 




evening 














N 










3 


3 


Mean 






• • • 




0.00 


0.33 


SB* 










0-00 


0.33 


' Minimum 


• 








0.00 


0.00 


Median ' 


- - 








0.00 


0.00 


Maximuth 










0.60 


LOO 


Day 7, 














evening 














N 




• • 






3 


3 


Mean 










0.00 


1.67 


SB* 




... 






0.00 


1.67 


Minimum 




•-- 


.- - 




0.00 


0.00 


Median 








... 


0.00 


0.00 


Maximum 


. ■ - - 








0.00 


5.00 


Days, 














morning 














N 












I 

6.00 


Mean 












SB* 










. - • 


Minimum 






7- 






6.00 


Median 












6.00' 


Maximum 












6.00 


Days, 












evening * 














N ' 










3 


3 


Mean 










0.00 


1.67 


SB* 










0.00 


1.67 


Minimum 










0.00 


0.00 


.Median 










.0.00 


0.00 


Maximum 










0.00 


S.OO 
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120K 


120K 


40K 


40K* 


An. 


EDLA 


n>LA 


IDLA 


EDLA 


Hup. 


2S0% 




2.5% 


5.0% 


03% 


i • 


1 . 


6 


6 


6 


0.00 


3.00 


0.00 


2.33 


0.00 


0.00 




0.00 


1.31 


0.00. 


0.00 


3.00 


0.00 


0.00 


0.00 


0.00 


3.00 


0.00 


1.00 


0.00 


0.00 


3.00 


6.00 


8.00 


0.00 



. 2.33 
233 
" . 0.00 - ■ 
• 0.00 . 

: 7.00 • 



3 


I 


5 


6 


0.00 


' 0.00 


6.00 


1.17 


0.00 




0.00 


2.17 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 . 


7.00 


3 






1 


0.00 






3.00 


0.00 








0.00 






3.00 


0.00 






3.00 


0.00 






3.00 


3 


1 


5 


6 


0.00 


0.00 


0.00 


0.50 


0.00 




0.00 


0.50 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


o:oo 


0.00 


0.00 


0.00 


3.00 



I 

4.00 

4.00 
4.00 
4.00 



3 

0.67 
0.67 
0.00 
0.00 
2.00 
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40K 40K 40K 40K UOK 120k 120K 120K 40K 40K Aq. 
EDLA. E0LA EDLA EDLA EDIA EDIA EDLA IDLA IDLA EDIA Biq». 

0312 0.625 1^% .23% ^ 0.625 105% 230% 1.25% 23% 5.0% 03% 

% % % 

morning 

N . : 1 2 

Mean • .- 5.00 3.50 - - 

SB* 0,50 

Minimum . , 5.00- '3.00 

Median 5.00 330 

Maximum • .-^ 5,00 4.00 

Day9, 
evening 
N 

Mean ' 
SB* 

Minimum 
Median 
Maximum 

morning 

N - : 1 I 

Mean . 3.OO 3.00 

SB* 

Minimum -- ^- 3.00 3ibO 

Median- 3.OO 3.00 

Maximum 3.00 3.00 
Day 10, 

evening * . . , 
N 

Mean 
SB* . 



3 


3 


3 


0.00 


1.33 


133 


0.00 


133 


ass 


0.00 


0.00 


0.00 


0.00 


0.00. 


1.00 


0.60 


4.00 


3.00 





2 


3 


3 




• . 0.00 


0.33 


i.oo 




, 0.00 


0.33 


1.00 




0.00 


0.00 


0.00 




0,^ 


0;00 


0.00 






1.00 


3.00 



Median 
Maximum 

Day lU ' , 
morning 

N : - , 

Mean . - * 3.Q0 

SB* 

Minimum 3,00 
Median .. 3,00 

Maximum 
Day 11, 
evening 
N 

Mean 



Minimum 
Median 

Maximum , 
bay 12, 
. evening 

N 

Mean ' 
SB* ' 

Minimum - - - - 

Median ' 

Maximum 
Baseline » Day I, pr&-tnjcction. 
*SB a Standard Enror. ' 
Numbness scale of 0-10: not numb; l6» totaUy nu^b. 



3 


3 


3 


0.00 


0.00 


1.00 


0.00 


0.00 


' 1.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


.0.00 


3.00 


3 


3 


3 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


aoo 


0:00 


0.06 
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Degree of numbness, as defined on a scale of numbness of 0-10, was achieved within 
6 hours of admini^tion of EDLA or IDLA foimulations. In some instances, numbness was 
achieved within 1 to 3 hours. Return to normal sensation varied between 1 to 4 days. 

Piguies C7, C8 and CIO show ttie degree of numbness results over time for 40K knd 
120KEDLA. Mean numbness scores for the selected dose of40K EDLA (2.5%) peaked 
earlier (3 hours post-injection) and higher (mean numbness score of 10) flian the scores for 
the 12pK EDLA selected dose (1 .25%, peak numbness score of 4.7 at 12 hours post- ♦ 
injection). WiAin the 40K EDLA group, wife the exception of the 2.5% selected dose, all 
dos9 groups had numbness scores that peaked at 12 hours post-injection. A dose-response 
relationship was observed with respect to the peak scoies in &e 40K EDLA gioup (0.312% = 
2.7, 0.625% - 7.3, L25% - 10, 2.5% « 10). 

■ i • . *! * ^' 

The dose-response relationship was less clear in the 120K EDLA dose groups 
(0.625% = no block, 1 .25% - 4.7, 2.5% =1.7). Like the 40K fonnulation, the times to peak 
numbness were consi§tent at 12 hours post-injection. The earliest peak numbness score was 
.seen in the active control group, 0.25% aqueous bupivacaine (peak numbness score of 9.2 at 
2 hoiiTB post-injection). The 4PK EDLA 2,5% dose group (complete numbness at 3 hours 
ppst-iiqection) showed an early, high peak that would be ideal for most applications of this 
4rug. The 5% formulation of 40K EDLA produced a peak numbness score of 817, with onset 
at 6 hours (see Figure CIO). ^ * ' 

With regard to the IDLA fbrmiilations, a peak numbness score of 10 was reported on 
Day 2 in the pne subjept receiving 120K IDLA 1.25%. The 40K IDLA 2.5% formulation had 
a shorter onset to peak (6 h9ur8) and a smaller peak numbness score (6.2) relative to 40k . 
EDLA 2.5% (peak numbness spore of 7.8 at 12 hours post-injection) (Figure. C9). The 12- 
hour onset in Oe EDLA group in this part of die study is in contrast to the early peak (3 
hours) seen in this dose group Part 1 of the study. These data suggest higher (but later) 
peak numbness for 4pK EDLA vs 40K IDLA- 

Pharmacokinetic Results 

The results are summarized by treatment group over time in Table CIO, and presented 
gmphicaUy in Figures CI 1 -CI 5. All plasma bupivacaine levels for EDLA, IDLA, and AB 
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that iesulied in effective analgesia/anes&esia in Urn study ware well beldw fliose at which 
systemic toxic reactions are believed to occur (i.e., 40p0ng/mL) accozding to Moore, D.C, 
Maflier, L.E«, Bridenbau^ P.0.| "Arterial and venous plasi^a leyels of bupivacaine 
following peripheral nerve block," Anesth Anaig. 1976» Vol, SS, pp. 763-68, incorporated by 
reference herein. 

; A8FigQre8ClUC12andC15shbw,bupivacainecohcenttation8for40KBDLA 
tended to be higher than flio^e seen for 120K EDLA^ especially in flie 3 highest 40K EDLA * 
dose gretips (1 .25^0, 2.5%, 5.0%). Both 1 .25% 40K EDLA and 2.5% 40K EDLA 

. demonstrated nearly peak in plasnm concentrations (approxunatelyl^ 
injection), which was similar to .that seen in the 120K dose g^ 

; occuiring approximately 6 to 12 hours post-injection. The second peak wad not observed with 
120K EDLA. While the precise leason for this second peak is not known, it suggests that the 
initial early peak is due to release of aqueous bupivacaine, administered as fte control in this 
study, while the later peak is due to the sustained release of bupivacaine from EDLA 
microspheres. A secondpeak in dexamethasone leyels was also observed at the same timt^ 
for 1.25% 120KBDLA. 

In Part 2, the comparison of 2.5% EDLA and IDLA 40K formulations showed only a 
small initial early peak in plasma bupivacaine concentration (about 50 ng/mL), as shown in 
Figure C13. The high molecular weight formulations, 12dk EDLA and IDLA at 1 .25% 
showed only delayed peaks.at about 48 hours of approximately l Ong/mL and 40ng/mL, 
respectively (Figure C14). The 5.0% 40K EDLA dosing group (Figure CI 5) did not show an 
early peak in concentrations, but ratiier» showed only a delayed peak (peak time 24 hours). 
. These Observations are fbrtfaer evidence that flhe initial eariy peak seen in &e Part 1 studies is 
primarily due to release of aqueous bupivacaine administered as tiie control treatment 

In all 40K groups except 5.0%, plasma bupivacaine concentrations woe back to 
baseline (undetectable) levels by 72 hours post-injection (96 hours in tiie 5.0% group). In the 
120K EDLA groups, plasma bupivacaine concentrations were essentially back to baseline 
(pre*iiqection) undetectable levels by 96 hours post-mjection, with tiie excq)tion of some 
residual low levels (8.7 to 13.0 ngtoL) seen in tiie Part 1. 1,25% and 2.5% 120KBDLA 
groups only. These data suggest tiiat tiie bupivacaine administered via 1 .25% and 2.5% 
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. ' 120K EDIA remains in Hife body for^longer periods of time than for all but the maximwn 
doseof40KEDLA. . . 

For all doses of fiie 120K EDLA fonnulatipn, mean plasma dexamethasone levels . 
were undetectable (zero) at the time points measured. Detectable dexametfaasone 
concentrations were, however* evident in some of the 40K EDLA groups, (data not shown). 
Specifically, dexametfaiisbne was detectable in plasma inihe 3 higihest dds^ groups (1 .25%, 
2.5%, and S.0%). These levels peaked at approximately 6 to 12 hours post-injection (1 .25% 
peak level ?? 42.9 ng/mL; 2.5% = 91.0 ng/mL and 103.2 ng^mL (in Parts 1 and 
2,pspectively); and 5.0% = 196.8 ng/mL) and appeared to correlate with the second peak m 
plasma bupivacaine levels seen ip die 1.25% and 2.5% 40K groiq>s, shown in Figure CI 1, 
and witti fhe delayed peak seen iii tiie 40K 5.0% group. Mo dexametbasone was detectable in 
any IPJLA group. 

Bupivacaine aftid Dexamethasone Pharmacokinetic Parametara 

As can be seen in Table d|0, %e time of 0^ 
concentrations (t|»tt) was shorter ptte 120K and 40K groups of Part 1 vs..Parts2a^d3;most 
likely due to tbe^ncurrent ai^in^ of aqueous bupivacaine in Part I. The maximum 
cpncentratipn of drug {C^ wa3 similar across doses bofli.wifliin and across the 120K and 
4bKBDIA groups (ISpJ ng^dl arid 167.0 iig^dL, respectively), with the exception of higher 
concentrations seen in fte 2.5% 40K EDLA (167 ng/dl) and 5.0% 40K EDLA (227.8 ng/dl) 
groups. No Cmax data were reported for flie 1 .25% 120K EDLA group in Part 2 of the study 
since no patient ever had detectable bupivacaine levels; however, in the 40R formulation, a . 
hig^ierCmax wias bbsers^ed in jOie pLA group relati^^ 

For subjects in Part 1 , the total bupivacaine AUC reflects bupivacaine from injections 
of both EDLA and AB. For die 4 tested concentrations of EDLA 40K, bupivacaine mean 
AUC:tfl .ranged from 1093 to 4087 ng/mL-hr, fliere was a direct relationship between the 
concentration of EDLA and bupivacaine AUC. The mean bupivacaine AUCt for subjects 
receiving 2.5% EDLA 40K: iii Part 2 (without simultaneous AB) was lower than for subjects 
receiving the same concentration of iSDLA 40K in Part 1 (with simultaneous AB). Subjects 
in Part 3 (i5.0% EDLA 40K, without AB) had the highest total AUC (7943 ng/mL-hr) 
Siibjects who received 2.5% ©LA 40K in Part 2 had a higher mean bupivacaine AUC, than 
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the subjects who received EDLA^prcsumabfy because of a higher mean Qmx. Bupivacaine 
AUC^ for the 9 subjects who received BDLA 120K and the subject who received IDLA 
120K ate also shown in Table CIO. 

TABLE CIO 

PharmacoldnetieParam^ters for Plasma Bapivacaine 









StudyPartl* 








FK Parameter 


EDLA 


EDLA 


EDLA 


EDLA 


EDLA 


EDLA 


EDLA 


120K 


120K 


120K 


40K 


40K 


40K 


40K 




0.625% 


1.25% 


2.5% 


0.312% 


0.625% 


1.25% 


25% • 






(N = 3) 


(N = 3). 


(N = 3) 


(N = 6) 


(N-6) 


(N = 3) 


Ti„(h) 


0,3 (0) 


0.5 (0.3) 


0.3 (0) 


0.3 (0) 


0.4(0.1> 


5.2(3.9) 


4.2(3.9) 


Can (ng^ioiL) 


130.3 


122.7,. 


101.3 


127.0 


1 16.0 


126.5 


167.0 


AUCt ' 


(5.0) 


(8.3) . 


(7.5) 


(18.8) 


(11.2) 


(18.7) 


(12.0). 


625.6 


2891.4 


235L1 


1CJ93.7 


liS88.9 


.2774.8 


4087.2 


-(ngAnL*h) ■ 


(141.0) 


(460.7) 


(229.3) 


(139.6) 


082.9) 


(559.3) 


(456.2) 



PK Parameter 



EDLA 
120K 
1.25% 
(N"2) 



Study Part 2 
IDLA 120K EDLA 40K 



1.25% 

(N = l) 



2.5% 

(N = 6j 



IDLA40K 
2.5%. 
(N«6) 



Study Parts 
40KEDLA 
5.0% 
(N»d) 



T™(h)' - . 48.0 13.0(3.6) .15.0(3.0) 

C„«(ng/inL) - * 35.4 . 101,6(9.7) 164.9(28.3) 

^UQ. ^ 2140.1 3073.4 4583.1(1160.6) 
(ng/bUh) ' (357,1) 
' * All subjects in Part t also racdved 0.25% aqueous bupivacaine 



12:3(3,9) 
227.8 (31.9) 
7943.8 (1078,0) 



No plasnm dexamethasone pharnwcokinetic panm 
•1 or 2. In Part 3 (40k EDLA 5.0%), jplisma dexameOasone was i^sociated with a mean tnax 
of7houfsandaCm«of 198ng^di V 



Summary arid Conclusions 

Across dose groups, 40K EDLA had a faster onset of analgesia/anesfliesia relative to 
120K EDLA while aqueous bupivacaine had a more rapid onset than both EDLA groups 
(100% onset within 2 hours). The 2.5% 40K EDLA dose was the most effective (100% onset 
, within 2 hours) followed by the 1.25% 120K EDLA dose (67% within 3^ hours); alfliough 
not as effective as 40K EDLA. EDLA produced a more rapid onset compared with IDLA 
(EDLA, 66% wiflim 2 hours; IDLA, 50% within 2 hours). 
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The duration of analgesia/anesthesia in fte iselected doses (120K BDLA « 1 .25%, 40K 
EDLA = 2,5%) from Study Part 1 was greater iii the 120k BDIA group (68 hours) than the 
40K EDLA group (35 hours). Aqueous bupivacaine had a relatively short duration of action 
(8-9 hours). Witiiin dosing groups, a dose-effect relationshq> was apparent in both the 120K 
EDLA groups (1 .25% « 64 hours, 2.5% » 75 hours) and the 40K EDLA groups (0312% = 5 * 
hours, 0.625% • 39 hours, 1.25% = 43 hours; 2.5% = 44 hours). Wifli respect to the EDLA . 
vs. IDLA comparison, EDLA had a lonjger duration of analgesic/anesthetic action relative to 
DDLA (HQLA = 45 hours, IDLA = 20 hours). These data suggest that dexamethasone 
prolongs, die duration of analgesic/anesthetic action of EDLA. 

All aiqueous bupivacaine sensory.blocks demonstrated only anes&esia wiOiout 
analgesia. The 40K EDLA formulation blocks produced the most analgia (0.312% » 67% 
of blocks, 0.625% = 17% of blocks; 5 .0% « 17% of blocks). These findings suggest that, 
overall, EDLA is more likely to be associated with analgesia flian aqueous bupivacaine and 
that the 40K dose formulation is more effective in this respect Jn 
the EDLA vs. IDLA comparison, more analgesia was seen in EDLA subjects (50%) vs. 
IDLA(0%). 

The onset of temperature perception block data closely resembled the 
analgesic/anesthetic data. The most rapid onset of temperature perception block was seen in 
the aqueous bupivacaine groups (89% within 1 hour). More subjects in the 40K EDLA 
groups (across doses) had onset wifliin 3-6 hours vs. the 120K EDLA groups (11%). Within 
the 40K EDLA groups, the 2.5% dose group was the most effective (100% onset withip 2 
hours). 40K BDLA had a more rapid onset of temperature perception block compared with 
IDLA (33% wiftin 1 hour vs. 17% wifliin 1 hour). 

. The duration of temperature perception block was greater in fee 120K EDLA groups 
(across doses) relative to flic 40K EDLA groups (56 hours vs. 24 hours, lespeptively). 
Aqueous bupivacaine had flie shortest duration (9 hours). EDLA also had a greater duration 
of temperature perception block flian IDLA (32 hours vs. 13,5 hours, req)ectively), 
supporting the notion fliat dexamethasone increases flie duration of action of aqueous 
bupivacaine. 
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At the selected dose (2.5%), 40K EDLA had a aitlief time to peak numbness score 
and a higher peak score than die 120K EDLA selected dose [(1 .25%) 40K « score of 10 at 3 
hours post-injection; 120K = score of 4.7 at 12 hours post-injection). A dose-effect 
relationship in peak scores was observed in the 40K BDtA but not 120K EDLA groups. The 
earliest peak numbness score was seen in the aqueous bupivacaine groups (score of 9.2 at 2 - 
hours post-injection). The EDLA and EDLA groups were similar witl^ respect to onset of 
peak numbness score (EDLA « 7.8 at hour 12; roLA = 6.2 at Hour 6)^ 

Plasma bupivacaine concentrations in the fhreb highest dose groups of 40K EDLA 
groups were higher than those seen in flie 120K EDLA groups. The 1 .25% and 2.5% 4pK 
EDLA dose groups also showed an unexpected second peak in plasma levels occurring 
approximately 6-12 hours post-injection; ftis effect was not seen in any other group, in all 
but the highest 40K EDLA grpup, plasma bupivacaine levels were back to baseline (0) by 72 
hours post-injection, whereas bupivacaine was still detectable in plasma in 120K EDLA- 
treated subjects by at least 96 hours post-injection, . Importanfly, all phsma bupiyacaine 
levels for EDLA, IDLA, .and AB that resulted in effective analgesia/aneslhesia in this study 
were well below those at which systemic tO)iic reactions are believed to occur (i.e., 
4000ng/mL). . . 

Plasma dexamethasone concentations were undetectable in all subjects except the 
three highest 40K EDLA doses (1 .25%, 2.5%, and 5.0%) in which plasma levels peaked at 
approximately 6-12 hours post-injection. These peaks appeared to correlate with the second 
peak in plasma bupivacaine levels seen in flie 1.25% and 2.5% 40K groups and with the 
delayed peak seen in the 40K 5.0% group. 

SUPEamCUL RADIAL NERVE EXAMPLES 

• Example D 

EDLA With And Without nexainethaisQiift Tn 
Sttperficifll Radial Nervi^ Blnck 

A dwble-bUnd, randomized, 2-period CHMsover study evaluated th^ 
safety of 2,5% 120KBDLA comp^ with 0.5% aqueous bupivacaine with dexamethasone 
(AB-D), each administered as a superficial radial nerve block. 

179 



WOOZ/058670 PCTAJS02/02461 

The 120K BDLA (2.5%) suspension was prepaied to yield a microsphere 
concentration of 2.5%, and supplying 18.75 mg bupiyacaine and 10 microgram (fig) 
dexameihasone per xaL. Three mL of 120K EDLA suspension was administered as a single 
mjection, providing 56.3 mg bupivacaiiie and 30 fig dexamethasone. 

AB-D solution was prepared to yield a aqueous bupivacaine concentration of 0.5%. 
The AB-D solution contained 5 mg bupivacaine and 10 |ig dexamettiasone. Three mL of 
AB-D was administered as a single injection to supply 15 mg aqueous bupivacaine and 30 )Ag 
. dexamethasone. 

The treatments were administeriEsd as an injection to the right or left wrist Each 
subject received one mjection of study drug in one wrist during treatment period 1, before 
crossing over to period 2, when he or she received the second treatment in the opposite wrist 
The mjection site wa6 identified at the anatomic "snufflxnt" made prbmmentby extension of 
fre thumb. The extensorpoUicis longus and brevis tendons were marked, and a point was 
identified over the extensor longus tendon opposite the base of the to metacar^ A21- 
gauge needle was directed proximally along the tendon as &r as (he doraal radial tubercle, 
and a 2^ suspension of 2.5% 120K EDLA or solution of 0.5% AB-D was injected 
subcutaneously. TTie needle was then withdrawi and redirected at a right angle across the 
snuffbox to a point just past the brevis tendon. A fiirther. LmL solution was flien injected: 

Efficacy measurements were onset and duration of analgesia/aneafliesia, onset and 
duration of temperature perception block, incidence of analgesia/anesthesia mi rale of . 
complete blocks, tod pharmacokinetics and pharmQcodynamics.measurements. Safety 
evaluations included pain on injection. 
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Analgesia/anesfhesia block and temperature perception block testing was conducted at 
0 hour to establish baseline sensory perception, and every S minutes up to 1 hour pdst- 
injection, or until onset of block. After 1 hour, analgesia/anes&esia block and temperature 
perception, block testing continued every hour for 12 hours, or until die block of&et. 
Thereafter, if the block had not ofGset, the analgesia/anesthesia block and temperature 
perception block testing were performed every hour while awake on the day the drug was 
administered, and thereafter, approximately every 4 to 6 hours undl die block o£^t. 0£&et 
of block was defmed as a retum of normal sensation to all parts of the hand, and a retiun to 
baseline values for ahalgesia/anesdiesia block and temperature perception block. Subjects 
returned to die site for follow-up efiBcacy and safely evaluations at 24, 45, and 72 hours post- 
injeoiion, and for blood draws. 

Onset And Duration Of Anaieesia/Ancsthcstii rPiH^rii>|^) 

In evaluating analgesia/anesdmsia block, pinpricks Were administeied to a triangular 
area on die back ofthehandi as shown in Figure Dl. Assessments weie made by lightly 
tapping the skin with the dull end of a dental needle, using sufiBcient pressure to produce a 
sensation of sharpness (determined by first, testing a nonaffected area). Each area was 
pricked 3 times and the subject was asked how many pu^)ricks, if any, were felt. Sensory 
block was rated as: Anesttiesia = subject felt 0/3 pinpricks; Analgesia = subject felt 2 or 3 of . 
3 pinpricks, perceived as touch or pressure; or, No block = subject felt 2 or 3 of 3 pinpricks, 
perceived as sharp. 

If the subject reported feeling 2 piinpricks, of which one was perceived as touch or 
pressure and die o&er was perceived as sharp, die block was described as analgesia, the . 
subject was considered to demonstrate analgesia if 2 out of 3 pinpricks were dull (fliat is, 
perceived as touch or pressure, ladier dian as being sharp). The subject was also considered 
to demonsteate anesthesia if (mly rpiitq)rick wa^ 

Table Dl shows die onsefand duration of analgesia occurring m Aiea C only. 
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. TABLEDl 

Onset anid Daratioii of Analgeda,* Area C,' up to Day 7 ^ « 6) 



Treatment 


Subject <No.) 


Onset 
(Hour)' 


Ofilset 
(Hour)* 


Duration. 
(Hoar)' 


Total Duration 
(Hour)* 


2.5% 120KBPLA 


1 


3:00 
13:00 


11:30 
23:00 


8:30 
10:30 


19:00 




3 


0:15 
7:00 
76:00 


5:30 
71:30 
180:00 


5:15 
64:30 
104:00 


173:45 




,5 


.6:00 


38:00 . 


32:00 


32:00 


Total Duration 
' (Final OOsct) 
fHour) • 


0.5%AB-D. 


2 


0:15 


13:30 


13:15 


13:15 




4 


0:15 


19:00 


18:45 


18:45 




6' 


1:00 
3:00 
89:00 


1:30 
13:30 
93:30 


0:30 
10:30 
4:30 


15:30 



^ None of the siibjecta npoiled anesfhesia {m pinpricks). 

• Horns ftom injectioi^ npressed as the &st tuna dw subject rapo^ to meeluiiieal stfanutaliai Ctinpriek) ftU u toneh or 
Midpotobrtween Ust time 

JSubjeclswithanalgestoaiday7aie»ninc8tedtooffictatl«Ohoni»068 + 12hooB). . '^»»«»'8«ib. 
Tlie leoBct of block fa subject 6 lU 4 was eonsldewrf 

Onset of anestiiesia/aiialgesia was repressed as flie fust time when no sensation of 
pain ftom pinprick was recotded (fior analgesia), or no sensation of touch or pressure was 
leconled (for anesthesia). None of the subjects «q»erienced anesthesia, either wifli 
120K BDLA or AB-D tr^tmoits. Onset of analgesia was later (15 miiiutes to 6 hours for 
2.5% 120K BDLA versus 1 5 minutes to 1 hour for 0.5% AB^P). Of&et (initial) fbr bofli 
treatments was variable (between 6 and 38 hours fat 2.5% 120K BDLA and 2 and 19 hours 
for 0:5% AB-D). 



Duration of analgesia/aAalgesia was ejqitessed as the time between onset of 
anesthesia/analgesia and return to sensation of pam (when the block was rated analgesia) or 
touch or pressure (when the block was rated anesthesia). Duration of analgesia/anesthesia 
foUowbg 120K EDLA was differentiated accoidirig to assessment area! Most subjects 
ejq»erienced analgesia in area C. Some subjects also reported late-onset analgia (beyond 7 
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days) in area D, i.e., the of die thenar emineiwe md fliumb (see Figure Dl). . 
Reoccurrence of analgesia after ttie initial block of&et occuned in a different part of the hand 
(the ar^ of the thenar eminence, identified as area D). - 

As shown m Table.DU two subjects receivinjg 120K EDLA exp^ienced mote flmn 
one period of analgesia/anesthesia; tfaerefoie, the total duration is expressed as die ag^egate 
of all periods of block. Duration of block in area C in 3 subjects receiving 2.5% 120K EDLA 
ranged between 19 hoi^rs and 7 days. One subject receiving 0.5% AB-D (subject 6) . 
experienced 3 periods of block, wifli final offset occurring at 93:30 hours post-injection. The 
, overall duration.of analgesia ranged from 13 to 19 hours in Oiis group. 

The, rate of complete blocks was defined as the percentage of blocks in which 
anesthesia, was recorded within 3 hours, of mjection. A "partial blocl^* was defined as a 
successful nerve block. A partial block was to include subjects who demonstrated analgesia, 
but not anesdiesia, in response to pinprick.. 

Neither 120fc EDLA nor AB-D resulted in anesthesia. Both 120k EDLA and AB-D 
resulted in analgesia, 3 in the 120K EDLA and 3 in the AB-D tr^tment groups. The absence 
of anesftesia in subjects receivmg 3 mL of 0.5% aqueous bupivacame was unexpected, given 
fiiat diis dose is usuaUy associated with anesthesia. The absence of anesthesia was possibly 
explained, by tie anatomy of the superficial radial nerve, which is highly branched, and by the 
intersubject anatomical variability of this nerve. 

Onset And Duration Of Temperature Perception K!fti>lf 

Temperature perception (Someslhetic test) was assessed by touching each of the 4 
assessment areas witii a cold alcohol swab. The subject was instructed. 'Tell me if you feel 
any change in temperature when I touch this swab to your skin." Responses were recorded as 
•*YES" (subject felt a change in temperature) or ''NO" (subject had not felt a change in 
temperature)! 
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Onset of temperature peiception block occuned between 15 minutes and 6 hours post- 
injection with 2.5% 120K BDIA—slighUy later than pain block, and with AB-D, occuired at 
(he same time as onset of pain block (1 hour). Duration of temperature peiception block was 
e7q>ressed as the time between onset temperature block and return to sensation of cold. 
Duration of tempemftme block followed the time course of blockade of pain perception but 
was usually shorter for boft treatments, with offiet usually occuning several houra prior to 
, offset of sensory blockade. 

PharmacoMnetic/Phar macodvnamicMeasurementa 

. Plasma bupivacaine concentrations were determined at each sampling tune. Blood 
was obtained for detennination of plasma bupivacaine at 15 minutes, 30 minutes, and at 1, 2, 
3, 6, 9, and 12 hours post-injection, and at follow-up on day 7. Pharmacokinetic (PK) 
parameters were detemiined for plasma bupivacaine: (Cmax, Tmax, AUQ), The relation of 
plasma bupivacaine concentrations to Ihe degree of response, measured as no block, 
. analgesia, or anesthesia was observed. 

Pharmacokinetic parameters were inestimable for all 3 subjects receiving 120K 
. EDLA. For AB-D, the maximum exposure (Cmax) was 204, 249, and 1 82 ng/mL, and Ibe 
total exposure (AUCt) was 356.8, 424.1, and 477.9 xig/mL*h formibjects 2. 4. and 6. 
respectively. 

Among subjects receiving 2.5% 120K EDLA, plasma bupivacaine concentrations 
were undetectable or virtually undetectable in 2 subjects (subjects 1 and 3) (Table D2). 
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TABLE D2 



Individual Plasma Bupiyacainle Concentrations (ng/mL) up ta Day Following 
Dosing With 2.5% 120K EDLA and 0^5% AB-D (N « 6) 



HbunmlantePost* 
injecttoa , 



2.5% 120K EDLA 



05% AB-B 



Concentration (ng/mL) 





Subject 1 


Subjects 


Subjects 


Subject 2 


Subject 4 


Subject 6 


OHM) 


0.00 


QJQO 


0.00 


0.00 


0.00 


0,00 


0:15 


0.00 




185 


204.00 


249.00 


182.00. 


0:30 


0.00 


0.00 


9.18 


176.00 


187,00 


144.00 


1:00 


0.00 


0.00 * 


8.51 


113.00 


110.00 


82.30 


2:00 


0.00 


0.00 


8.14 


47.80 


47.80 


5X20 


•3:00 


. 0.00 . 


d.oo 


7.06 


29.70 


34.80 


37.60 


6:00 


0.00 


0.00 


6.86 


li30 


. 15.60 


17.50 


9M 


0.00 


O.00 


8.84 


7.27 


10.50 


12.10 


12:00 


0.00 


0.00 


9.20 


0.00 


9.00 


8.57» 


24:00 


0.00 


24.00 


30.80 


0.00 


0.00 


. 6.04 


48:00 


0.00 


0.00 


14.90 


0.00 


0.00 


0.00 


72:00 


0.00 


0.00 ' 


0.00 


0.00 


O.00 


0.00 


I week 


0.00 


0.00 


31.30 


0.00 


0.00 


0.00 



^Notreciocded. 



The maximum concentntion with 2.5% 120K EDLA in any subject was 3 1.3 ng/mL, 
(subject 5) versus 249.0 ng/mL (subject 4) for aqueous bupivacaine. At the same time, th^ 
maximum bupivacaine dose deUvered with 3 mL of 2.5% 120K k>LA wiis 56:25 mg versus 
15 mg ddiveted as 3 mLof 0.5% aqueous biipivacaine.. 



Onset and bf&lst of analgesia with 2.5% 120K H>LA were variable and showed nb 
obvious relation to plasma concentrations, suggesting a local pharmacodynamic effect 
confined to the injection site (Figuhj D2). By contrast, plasma bupivacaine concentrations ii 
subjects 2. 4. and.6. who received aqueous bupivacaine (0.5% AB-D), behaved as predicted, 
displaying a prompt release and a relatively ftst decline that coincided approxhnately with 
analgesic efifect (Figure D3). 
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- Example E ' 

ASCENDING DOSES OF EDLA IN SUPERFICIAL RADUL NERVE BLOCK 

An open-label, compamtive, doserresponse study evaluated ascending doses of 120K 
EDLA administered as a superficial radial nerve block. Bilateral nerve blocks wece 
administered to 3 subjects, using the lowest dose of 120K EDLA (3 mL of 0.312% 
suspension) in one wrist and the lowest dose of AB (3 imL of 6.25% solution)^ in tiie opposite 
wrist. Onset and duration of sensory block were assessed. If the duration of activity for 
120K EDLA was less than 3 days, 3 more subjects were enrolled, and nerve blocks were 
administered to the second group using a higher dose (concentration and/or volume) of 120K 
EDLA and fee higher dose of AB (0.5%). Each additional group of 3 subjects were enrolled 
and received a higher dose of 120K EDLA if administration of nerve blocks in the previous 
group had not demonstrated the desired 3- to 4-day duration of action. The maximum 
concentration of 120K EDLA was 2.5%; the maximum volume was 3 mL. 

Efficacy measures included onset and duration of analgesia/anesftesia, onset md 
duration of temperature perception block, incidence of anesthesia and rate of unsuccessful 
blocks, and degree of numbness. Safety mwures included pain on injection. 

Onset And Dnratton Of Analgesia/Anesthesia fPinnrick) 

. Analgesia/Anesthesia was evaluated using Response to Pinprick as a meAsur^ of 
. efficacy. Sensory block was assessed by administering pinpricks to each of 4 designated, 
areas on the back of each hand, as shown in Figure Dl, innervated by superficial radial ilerve 
. block. Assessments were made as set forth in Example D. 

.Onset of analgesia/anesthesia (sensory block) was categorized according to results of 
assessments performed at intervals up to 6 houra: £30 minutes, 30 minutes to 1 hour, 1 to 2 
houre; 2 to 3 hours; 3 to 6 houra; and >6 houra. Duration of analgesia was categorized by 
results of assessments performed up to 6 houra following mjection, and thereafter. 
. approximately eveiy 12 houra until the block ofifeet Assessment of onset and duration of 
analgesia/anesthesia was conducted in 4 assessment araas to.determin<?incliyidual variation in 
innervation. The most consistent incidence of block was observed in iifl«ftciyfT?^fr area D. the 
thenar eminence and radial border of the thumb, veraus areas A. B, and C. Table El provides 
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data xegaiding onset and duration of block in atea D, by treatment 

TABLE El 

Onset and Duration of Analgesia/Anesthesia, Assessment Area D 



Treatment Fairs 



Combined 



120K 
EDLA 
0.312«/« 



AB 


120K AB 


120K AB 




0.25% * 


EDLA 6.50^ 


EDLA 0.5% 


120K 




0*625% 


1.25% 


EDLA AB 


(N-3) 


(N-3) 


(N-6) 


(N-12) 



I I (33): 



3 (100) [2 (fi7) 3 (100) j 5 (83) 6 (100) | 8 (67) 12 (100) 



Onset, Number (%) ofSnbjeets** 



£30 
































min 
>30 


0 


(0) 


1 


(33) 


0 


(0) 


2 (67) 


0 


(0) 


4 


m 


0 


(0) 


7 


(58) 


min~] 
































Ir 


0 


fO) 


2 


(67) 


0 


(0) 


I (33) 


I 


(17) 


2 


(33) 


I 


(8) 


5 


(42) 


h 


0 


(0) 


0 


(0) 


I 


(33) • 


0 (0) 


2 


(33) 


0 


(0) 


3 


(25) 


6 


(0) 


h 


0 


(0) 


0 


(0) . 


0 


(0) 


0 (0) 


0 


(0) 


0 


(0) 


0 


(0) 


0 


(0) 


h 


0 


(0) 


0 


(0) 


.1 


(33) 


0 (0) 


0. 


(0) 


0 


(0) 


I 


(8) 


0 


(0) 




I 


(33). 


. 0 


(0) 


. 0 


(P) 


0 (0) 


2 


(33) 


0 


(0) 


'3 


(25) 


0 


(0) 



Duration (Days) 
Mean 

0.33 
Rangie 0.33- 
0.33 



* OJOrfc 
Q.47±0.22 j 0.76 ±0.74 0.34 

0.16- - 

0.Q4-0.69 6.02-1.50 1.19 



0.54 db 
5.38 ±L86 0.15 

0.16- 
0.02^.18 . 1.18 



3.60 dk 0.52 ± 

I 1.42 0.11 
0.02- 

9.18 0.04-1.19 



♦Anesthesia = QO pinpricks felt Analgesia a 2/3 pinprieks felt as touch or pressure. 
I^w^^SISi*'^^ than ttie total nunO^erof aubjecb with 
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As can be seen from the results provided in Table El the onset of analgesia/aesthesia 
was later and the duration longer for 120K EDLA compared to AB in area D. Onset ranged 
between 1 and 6 hours, and the mean duration was 3.60 db 1 .42 days. The range was 0.02 to 
9;i8 days, which was considerably longer than the duration observed with 0.5% AB (mean, 
0.52 days.' langp, 0.04-1.19 days).^ 

In area D, the 1.25% concentration of 120K EDLA resulted in some level of blo6k in 
5/6 (83%) of subjects, compared to 2/3 and 1/3 in for the. 0.625% and the. 0.312% 
concentrations, respectiYely. Three subjects (subjects 008, 010, and 01 1) who received 120K 
EDLA had sensory block recurring to days 15, 17, and 50, post-mjection, respectively. 

The most defimtive blbdc was observed for the hij^est concentration of BDLA 
(1 ,25%) vs tl^e lower concentrations. To facilitate evaluation of effect diffeiences ia 
assessment areas, onset fmd; duration of block are shown for 1.25% EDLA, by ass^sment 
area, in Table B2. 

TABL£ E2 





AfeaA 


ArieaB 


AraaC 


AreaD 




120KBDL^ AB 


120K 

EDLA ^ 


12«C 

BDLA ^. 


""'^ AB 
EDLA ^ 




•.(N = 6) 


(N-6) 


(N-6) 


(N = 6) 



I . . 2 (33) 5 (83) I 4 (67) 6 (100) | 4 (67) 6 (100) | 5 (83) 6 (100) 



Onset, Number (%) of Subjects* 



<30niin 

'■ VSPmin-' 
•U,. ] 

>2-^3h 

>Sb> 
Dnratioii (fiags) 



0 (0) 1 (17) 

0 (8) 3 (50) 

2 (33) 1 (17) 

0 (0) 0 (0) 

p (0) 0 (6) 

0 ((►) q (p) 



0. (6) 2 (33) 

1 (17) 3 (50) 

2 (33) 0 (0) 
0, (0) 1 (17) 
1 (17) 0 (0) 
0 (0) 0 • (0) 



4 (67) 
2 (33) 



0 (0) 

0 (0) 

2 (33) 0 (0) 

0 (0) 0 (0) 

2 (33) 0 (0) 

0 (0) 0 (0) 



0 (0) 4 (67) 

1 (17) .2 (33) 

2 (33) 0 (0) 



0 (0) 
0 (0) 
2 (33) 0 (0) 



0 (0) 

0 (0) 



Mean(± 
SB) 


0.55 ±0.53 0.35 ±0.14 


0.36 ± 
0.24 


0.45 ± 
0.11 


0.78 ± 
0.34 


0.57 ± 
0.16 


5.38 ± 
1.86 


■ 0.54 ±. 
0.15 


Range 


0.02-1.08 0.02-0.69 


O.Ol- 
1.08 


0.02- 
.0.69 


0.20- 
1.59 


0.08- 
1.14 - 


0.02^ 
9.18 


0.16- 
1.18 



subjects wi'tii analgesia/anesthesia. 
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Onset of sensory block with 1.25% 120K EDLA was similarly variable in the 4 
assessment areas, but duiation was notably longer in area D (5.38 ± 1.86 days vs 0.55 ± 0.53, 
0.36 ± 0.24, and 0.78 ± 0.34 days in areas A, B, and C, respectively). One subject who 
received 1.25% 120K EDLA experienced reonset of bloclc that continued to day 50 post- 
injection. 

Wifli 0.5% AB treatment, onset generally occurred between 15 minutes to 1 hqiir, and 
duration of block was comparable (approximately 12 hours) across assessment areas B, .C, 
md D. Duration of ^lock in area A was somewhat shorter (0.35 ± 0.14, ie, approximately 10 
hours). 

Figure El shows mean pmprick scores for each treatment up to 50 days, which was 
the maximum duration of block exhibited by any subject, the 1.25% concentration of 120K 
EDLA demonstrated the most definitive block and held the jtnost interest as a potentially 
flierapeutic dose. Table E3 summarizes the mean pinprick scores for 1.25% 120K EDLA 
compared to 0.5% AB up to day 7, by each assessment ar^ and for combined areas. 



189 



wo 02/058670 



PCT/US02/02461 



TABLE E3 

Period of Block (Analgesia/Anesthesia*) lii Response to Pinprick, for UOK feDLA 1.25% 

andABO^% 



Pinprick Test Results** (Mean ± Sl^ 

Treatment 30inm Ih 3h 6b 
• PM 



Day 2 pm OaySPM Day 7 pm 



AreaA 



120KBDLA1^% 


ZOO 0.6 


ZOO :k 0.0 


1.83* 
0.17 


1.50* 
0.34 


1.25*048 


ABO.S% 


0.21 


1.17*0.17 


1.50* 
022 


1.17* 
OJl 


1.75*0.25 



2.00*0.0 2.00*0.0 



2.00*0.0 



2.00* 
0.0 



2.00 



Area B 



126k EDLA 1.25% 


1.83* 
0.17 


2.00*0.6 


1.67* 
0.21 . 


1J3* 
0.42 


1,00*038 


2.00*0.0 


2.00* 
0.0' 


. 2.00*0.0 


ABO.5% 


1J3* 
0.21 




1.00*0.0 


0.83* 
0.17 


1.25*0.25 


2.00*0.0 


2.00* 
0.0 


2.00 




























AreaC 








i20KEDLA IJtSVo 


2.00*0.6 


2.00* 
0.0 ' 


1.50* 
0.22 


1.00* 
037 


1.00*038 


038' 


2.00* 
0,0 


- .2.00*0.0 


ABOS% 

' . i 


1.00*0.0 


:i*oo* 
0.6 


1.17* 
0.17 


1.00* 
0.26 


0.75*0.25 


2.00*0.0 


2.00* 
.0.0 ^ 


2:00 






















Area D 


I20KBPLA1.25% 


1.83*0.17 


1.83* 
M7 


1.67* 
0.21 


130* 
0.22 


1.50*030 


133* 
0.67 


1.00* . 
0.0 


1.00.* 1 
0.0 1 


ABb.5% 


1.00* out 


iJdo* 
0.6 


1.00*0.0 


1.17* 
0.17 


0.75*048 


2.00*0.0 


2.00* 
0.0 


100 



l20KEI>LA1.25y« 
AB03% 



1.92 
1.25 



1.96 
MO 



1.75 
2.00 



1.75 
100 



. Combined Areas (Means) 

1.67 1.33 L19 1.58 

117 1.04 1.13 2.00 • 

^Period of block is shown In enclosed areas. : ' ' 

■^^iL'^.T!^ ^ ^"^^ '^^^'^ (1) - 2 of 3 pinpricks detected as touch or piessute; no block (2) « 2 

orinorepinpncks detected as sharp. .. 

The extended duration of block occuned with 120K EDLA in area C and was 
accounted for by the extended duration of analgesia observed wift 1.25% 120K EDLA in 
subjects 8 and 10 (up to days 15 and 17, respectively). As shown in Figure EI. the spikes in 
aie^ A, C. and D lepreseot the leonset of block experienced by subject 1 1 at 41 days, which 
continued in area D wiAout resolution to day 50, Generally, die block set up later with 120K 
EDLA compared to AB, although onset was earlier (30 ininutes) in area D. With 120K 
EDLA, duration was sunilar to AB in aieafe A and B and was longer in areas C and ^ 
duration extended to day 2 and day 7, respectively." With 03% AB, the block occun^ 
between 30 minutes and 3 hours and of&et in all areas by the end of day 1 . 
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Onset And Diiration Of Te mperatprePerceptioi, Block 

Temperatuie perception was assessed as set forth in Example D. Onset of 
temperature block was categorized according to results of assessments performed at intervals 
up to 6 hours: ^30 minutes, 30 minutes to I hour. 1 to 2. 2 to 3, 3 to 6 hours, and >6 hours. 
Duration of temperature block was categorized by results, of assessments performed up to 6 
hours following injection, and thereafter, approximately every 12 hours until the block offieL 
Assessment of on^et and duration of temperature block was condacted in 4 assessment areas 
to deteimiiie the dispersibility of &e microsphere preparation, and the disposition of local 
anesthetic. 

EDLA resulted in the most definitive temperature block in assessmei^ area D, the 
thenar eminence and radial border of the thumb, compared to areas A, B, and C. Onset and 
duration of block in area D are shown, by treatment, in Table E4. 



TABLE E4 

Oiiset and Duration of Temperature Perception Block, 

and Overall 



Assessment Area D, by Dose Pairs 







Treatment Pairs . * 


Combined 
Tk-eatments 




i20K AB 
EDIA 0.25% 
0312% 


120K AB 
EDLA 0.5% 
041S% 

rN«3> 


■ UOK AB 
EDLA 03% 

1.25% 


120k 

EDLA ^ AB 
(N«12> 


Number <%) of Subjects With Temperature Perception Block 






• 


0 (0) . 2/(67) 


2 (67) 3 (100) 


.5 (83) 6 (100) 


7 (58) U (92) 


Onsets Number (%) or Subjects* T"" ~~ • 



> 30 
min-l h 

>l-s;2h 

>2-S3h 

>3-s:6h 

>6h 



0 


(0) 


1 


(33) 


' 0 


(0) 


2 


(67) 


0 


(0) 


3 


(50) 


0 


(0) 


6 


(50) 


0 


(0) 


I 


(33) 


• 0 


(0) 




(33) 


.1 


(17) 


. 3 


(50) 


1 


(8) 


S 


(42) 


0 


(0) 


0 


(0) 


0 


(0) 


0 


(0) 


• 2 


(33) 


0 


(0) 


2 


(IT) 


0 


(0) 


0 


(0) 


0 


(b) 


0 


(0) 


0 


(0) 


0 


(0) 


0 


(0) 


0 


(0) 


0 


(« 


0 


(0). 


0 


(0) 


I 


(33) 


0 


(0) 


I 


(17) . 


0 


(0) 


2 


(17) 


0 


(0) 


0 


(0) 


0 


(0) • 


1 


(33) 


0 


(0) 


1 


(17) 


0 


(0) 


2 


(17) 


0 


(0) 



Duration (Bays) 
Mean 



4>35±0M 
0.01^.69 



0.12 ± 

0.65 dk 032 0.08* 
0.33-0.97 0.01-0.28 



2.08 d: 1.56 
0.02-8.16 



0.45 
0.17 

0.01-1.18 



1.67± 
1.11. 

0.02- 
8.16 



0J4i: . 
0.11 

o.ow.is 
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Examination of tempexature block in assessment Aiea D levealed flie 125% 
concentration of 120K EDLA demonstrated the most consistent effect compared to lower 
concentrations (Table E6).. Onset ranged between 1 and 6 hours, and the mean duration was 
2.08 ± 1.S6 days. The range was .0.02 to 8.16 days, which was longer than the duration 
observed in fbs same group wifli 0.5% AB (mean/0.4S rt 0.17 days; range, O.Ol to LIS days). 
The lowest (0.132%) concentration had no e£fect on'temperature perception, and ttie 0.625% 
concentration had only a minor effect Ai3 0.5%, by comparison, resulted in temperature 
block within I hour; and the block lasted between approximately 1 hour and 1 day. 



As with pinprick evaluations, flie most consistent tempemture perception block was 
observed with &e 1 .25% concentration of 120K EDLA. Table ES suxmharizes the onset and 
duration of temperature block for the 1 .25% concenteation, for Oie 4 asse^ment areas. 

TABLEE5 

Onset and Duration of temperature Perception Block* for 1.25% 120KEDLA, by 





1 




Area A 


AmB 


\AreaC' 


ArcaD 




120K 

EDLA . AB 


120K 

EDLA , AB 


120K 

EDLA . . AB 


120K 

EDLA AB 




(N««) 


(N«6) 


(N-6) 


<N»6) 



I i (33) 5 (83) I 3 (59) 6 (lOQ | 4 (83) 6 (100) | 5 ' (83) «. (100) 
Onset, Number {%) of Subjects 



530inin 


0 


m 


0 


(0) 


b 


(0) 


'3. 


(50) 


6 


(0) 


3 


t50) 


0 


(0) 


3 


(50) 


>30miiwlh 


1 


(17) 


2 


(33) 


0 


(0) 


3 


(50) 


0 


(0) 


3 


(50) 


1 


(fi) 


3 


(50) 


>I-!S2h 


1 


(17) 


2 


(33). 


2 


(17) 


0 


(0) 


1 


(8) 


0 


(0) 


2 


(17) 


, 0 


(0) 




0 


(0) 


0 




0 


(0) 


0 


(0) 


0 


(0) 


0 


(0) 


0 


(0) 


0 


(0) 


>3-:S6b 


0 


(0) 


0 


(0) 


1 


(8) 


0 


(0) 


0 


(0) 


0 


(0) 




(8) 


c 


(0) 


> 6h 


0 


(0) . 


1 


(17): 


. 0 


(0) 


0 


(0) 


4 


(33) 


0 


(0) 


1 


(8) 


0 


(0) 



Duration (Days) 
MeanCfcSB) 



0.37 db 
0.55 



0.13 ± 
0.06 



0.02- 
0.0(2-1.12 0.31 



0.49 

0.31 



0.18 i: 

0.10 . 



0.02-1.08 0.01'-0.65 



0.65 A 
0.25 



0.53 ± 
0.10 



a J 8-1 .42 0.04-0.69 



2.08 J: 
1.56 . 



0.45 i: 
0.17 



D.02-8.16 0.0M.18 



♦Successfid block "Subject does not delect a chaiigemte^^ Failed bhick«Sulject detects a cAiange in tempentuie. 

The 1.25% concentration of 120K EDLA resulted in variable onset of temperatuie 
block, ranging , ftom approximately 1 hour tp >6 'hours, across all a^essment areas. The 
upper end of the duration range was notably longer in area D (8.16 days) ciHnpared to areas A 
(1.12 days), B (1.08 days), and C (1.42 days). For 0.5% AB. between-aiea assessments 
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showed little differences in actiyity» although onset tended to be later and duration Sorter in 
area A. 

Onset of temperature perception block. witii 120K EDLA was not appreciably 
different from onset of block of pain perception, but duration was shorter (2.08 ± 1 .56 vs 5.38 
:t li86, for temperature and pain block; respectively). 

TABLE E6 

Period of Tempterature Perceptio n Block* for 120K EDLA 1.25% and AB OJS% 

Tcmperaliire Pcreeption Test Results** (Mean ik SE) 



Treatment 


30 min 




3h 


6h DaylPM 


' Day 2 pm 


DaySPM 


Day 7 pm 










' Area A 








120KBDLA 
1.25% 


L00:fc0.0 


0.83 ±0.17 


0.83 
0.17 


0.83 ± 0.50 
0,17 0.29 


0.67.± 
033 


1.00 db 
0.0 


1.00 

0.0. . 


ABaSH 


0.83 ± ' 
0.17 


0.^dk 
OJl . 


O.SOi: 
0^22 


033 0.75 ± 
0.21 035 ' . 


0.67± . 
033 


1.00 i: 

0.0 


1.00 


















120KEDLA 
1.25% 








ArcflB 








l.dOd:0.0 


I.00±0.0 


0.67 i: 

0.21 


0.67i: 050± 
031 0.29 


0.67 a: 
033 


1.00 i: 

0.0 


I.OOi: 

0.0 


Aft 0.5% 


0.17:1: 

0.17 


0.17 :fe 0.0 


0J3± 

oai . 


0,17 ± 0JSO± 
0.17 039 • 


0.67 db 
033 


1.00 db 
0.0 


1.00 


















120KBDLA 
1.25% 








AreaC 








1.00 i: 0.0 


1.00 ±ao 


0.83 d;. 
0.17 


0.tf7db 0.50:fc 
031 039 


0.67db 
.033 


1.00 ± 
0.0 


1.00 af 

0.0 


AB0!5% 


0.17 d: 
0.17 


0.0:l:0;0 


'0.17i: 
0.17 


037d: 0.2Si: 
037 0.25 


0.67^ 
033 


1.00 i: 

0.0 


1.00 


















UOKEDLA 
' 1.25% 




AreaO 


1.00^:0.0 


0.67^0.21 


OJl 


050 ± 0.50 ± 
032 0.29 


033 rk 

033 


O.OdbOU) 


0.0 d: 0.0 


ABO.5% 


0.17 :fe 
0;17 


0.0:fe0.0 


0.17 ± 
0.17 


0.0 0.0 0.0 i: 0.0 


0.67 db 
033 


OX). 


1.00. 


















120RBDLA 
1.25% . 


1:00 


0.88 


0.75 


Combined Areas (Means) 
OJO 


039 


0^75 


0.75 


ABO.5% 


034 


0.21 


0.29 


0.17 038 . 


0.67 


1.00 


1.00 



^Period of block is shown in enclosed areas. . 
**Score 0 - Subject does not detect a change in temperature. Scon 1 » StAject detects a change in temperature. 
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The principal differences between treatments were in the extended duration of block 
occurring witfi 120K EDLA, aind specifically, with i .25%*120K EDLA in areas C and D. In 
area C> these differences weie largely accounted for by the extended efifects of 1.25% 120K 
EDLA in two subjects. With 120K EDLA treatment blockade of temperature perception 
occurred between 1 and 3 hours and offsbt by day 2 (1 day later than offset of sensory block), 
except in area D, whm temperature block continued beyond day 7. Temperature perception 
block with AB treatment occurred within 30 minutes and had an ofiset by day 2, which was 
later flian of&et of sensory block (day 1). 

Incidence Of Analgesia/Anesthfesifl 

.Table E7 shows tt^ im^idehce of anesihesia, analgesia, and unsuccessful block in area 
P, by treatment 

TABLEE7 . 

Incidence (Number [%] of Subjects) of Anesthesia, Analgesia, and Unsuccessful Sensory 
Block in Assessment Area D, by Treatment ' 



Trcatmcat Pain ' Oiinbined 

Tk'eatmentB 



120K 




120K 


120K . 




EDLA 


AB 


EDLA AB 


£DLA AB 


120K 


0312% 


0.25% 


0,625% 03% 


1.25% 03% 


EDLA AB 


(N« 


3) 


(N«3) 


(N«6) 





Test Result _^ Number (%) of Subjects 



Anesthesia* * 


. 0 


(0) 


0 


(0)' 


1 


(33) 


2 (67) 


2 


03) 




(33) 


3 


(25) 


4 


(33) 


Analgesia 


1 


t33) 


3 


(100) 


1 


J?3) 


I (33) 


3. 


(50) 


4 


(67) 


5 


(42) 


8 


(67) 


Analgesia/Anesdiesia* 


1 


(33) 


3 


(100). 


2 


(67) 


3 (100) 


5 


(83) 


6 


(100) 


8 


..(67) 


12 


(100) 


Koblockt 


2 


(67) 


0 


(0)' 


1 


(33) 


0 (0) 


1 


(17)* 


0 


(0) 


4 


(33) 


0 


(0) 



♦Anesthesia « 0/3 pinpricks felt ^♦Analgesia ° 2/3 pinpricb felt as touch or pressure. fNo block » 22 pinpricks Iblt a^ 
§Percem of subjects shown in the table refqs to ovorall inctdm 



. In area D,anesAeaia was leportedm 3 (25%) subjects teceivm 
(33%) of subjects receiving 0.5% AB. Anestiiesia occurred in 0/3 subjects receiving the 
lowest concenttation (0.312%) 120K EDLAi 1/3 subjects receiving 6.625% WOK EDIaI and 
m 2/3 subjects receiving 1.25% t20K: EDLA. AB resulted in anesthesia only with the 0.5% 
concentration (3 mL). 

Analgesia/anesthesia occurred at 8/12 (67%) of 120K EDLA mjection sites, occuned 
at least once with all doses, and occurred more consistently with high versus low 120K 
EDLA dose/concentrations (83%'incidence with 1.25%. 67% with 0.625%, and 33% wifli 
0312% 120K EDLA). Analgesia/anesthesia was observed at 100% of sites treated with AB 
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(0.25% and 0.5%). Four subjects (33%) reported no block wifli 120K BDLA treatment, 2 
reteiving 0.312%, 1 receiving 6.625% 120KEDLA, and 1 receiving 1.25% 120KEDLA. 

Table E8 shows the overall incidence (combined 120K EDLA and combined AB) of 
anesthesia, analgesia, and unsuccessful sensory block, by assessment area. 



TABLEE8 

' Incidence dumber [%) of Subjects) of Anesthesia, Analgesia, and Unsuccessful Sensory 
Block for Combined EDLA and Combined AB Treatments, by Assessment Area 





Area A * 
EDLA ^ 


Assessnu 
AreaB 
120K 

EDLA - 
(Noll) 


nt Areas 

Area C 

^^^^ A« 

EDLA ^ 
(N-W) 


AreaD 

EDLA " 
(N « 12) 


Combined Areas 
120k 

EDLA ^ 
. <N«48) . 


Test 
Result 


Nomber (%) of Subjects 


Anesthesia*^ 

Analge8i& 

Analgesia/ 

Ahsettiesla* 

NoblodcT 


I (8) 2 (17) 

3 (25) 9 (75) 

4 (33) 11 .(92) 
8 (67) . 1 (» 


3 (25) 2 (17) 
3 (25) 10 (83) 

6 (50) 12 (lOO) 
6 50) 0 (0) 


3 (25) 3 . (25) 
2 (17) 8 (67) 

5 (42) n (92) 
7 (58) 1 (8) 


3 (25)r 4 (33) 
5 (42) 8 (67) 

8 ' (67) • 12 (100) 

4 (33) 0 (0) 


10 (21) II Ct3) 
13 (27) 35 (73) 

23 (50) ,46 (96) 
25 (52) 2 (4) 



*Aiialgeste»2/3pinprie1a(feU88tDiieh4^ressure). **Anesihesia « 0/3. tNoblodCB^. 



Of the 4 designated assessment areas on the injected hand, area D, proximal to the 
dienar eminence and lateral border of the thumb, exhibited flie most consistent block with 
WOK EDLA treatment, with 67% of subjects demonstrating at least analgesia, and 25% 
demonstmting anesthesia. Area A exhibited the least responsiveness to 120K EDLA 
treatment, with 33% demonstrating analgesia and 8% demonstrating anesthesia. This result 
was thought to be related to the known variability in the anatomical stmcture of the 
superficial radial nerve, rather than to any intrinsic variability in- the behavior of the 
microspheres. 

Aqueous bupivacaine 0.5% resulted in a relatively consistent block, with only small 
dififerences noted between assessment areas widi respect to analgesia/anesOie^ia. However, 
anesthesia alone was observed more fiequenfly in area D compared to ottier a^essment areas, 
an observation that agreed wifli the ielativ6ly greater responsiveness in area D seen wifli 
120K EDLA treatment. 
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Degree of Numbness 

In evaluating Level of Numbness, the subject or investigator assessed level of 
numbness by touching each of the 4 assessment areas on each hand. Subjects were asked to 
rate the degree of numbness based on an 1 l -point scale, on which 0 was equal to ••not numb 
at air and 10 was equal to 'totally numb." Level of numbness scores tended to reflect the 
r^id onset and shorter duration of AB, and the more gradual onset and longer duration of 
' 120I?1 EDLA. Table E9 summarizes the mean level of numbness scores to day 7, by time 
point. 

TABLEE9 

Period of Num bness* (Any Level) for 120K EDLA L25% and AB 0.5% 



Treatment 




30min 


Ih 


LeVdof Numbness Seores** (MeAn ± S£) 
3h 6h Day 1pm Day2PM 


Day 5 ?M 


Day 7 pm 


I20KEDLA 
ABO.S% 










Area A 




0.0*0.0 
. 0.0*0.0 


0.0*0.0 
0.0 

1 




0.0^0.0 


0.0 i: 0.0 


0.83 ± 
0.65 


1.83 :fc 
0.98 


2.25^:131 


0.0*0.0 
0.0*0.0 


2.17:1:0.60 


3*33 i: 
056 


3.67 ± 
0.67 


' 333 ± 

033 . 


135 :b 0^5 














120ICEDLA 
105% 




0.0 ±0.0 


0.0d:0.0 








AreaB 


0.0*0.0 
0.0*0.0 


0.0*0.0 
0.0 


2.00 ± 
1^9 


2.171 
1.17 


2.75*1,70 


0.0*0.0 
•0.0*0.0 




M9 


. 5.00 :fc 
IJ2A 


4.17 ± 
0.70 . 


2.00 ±0.91 












120KBD)LA 
1.25^ 

AB0.5yo 






0.0 ±0.0 








AireaC 




0.0*0.0 
0.0 




033:1:0.33 


3.00 ± 
153 


3.OT± 
138 


435db 
1.49 


033* 
033 


0.0*6.0 ^ 

. 0.0*0,0 


0.17:1:0.70 


7.17 ± 
0.91 


6.67± 
0.88 


6.67^ 
. 1.12 


4.00*0.71 


0.0*0.0 


















uioKBDLA 
1,25% 

AB 0.5% 




' AreaD ' 


0.83 i: 
0.83 


1UM)± 
0.68 


l.ftl± 
0.91 


2.33:1b 
1.05 


2.7S±139 


233*0.0 


2.50* 
0.50 


1.00* 1 
0.0 1 


8.00 i: 0^2 


833± 
0.67 . 


7.67 ± 
052 


630 ± 
0.76 


4.25*1.60 


233*0.0 


0.0*0.0 


0.0 
















i2okedi:a 




0.25 


0.25 






Combined Areas Qdtsm) 




1.25% 




. 1.92 


2.50 


; 3.D0 


0.67 


0.63 . 


0.25 


AB p.5% 




5.71 . 


i5.92 


5.75 


5.17 . 


2.8B 


0.58 * 


0.0 


0.0 



» WM fated on an I t-poim scale, on which 0 ° not niinfl) at aU and 10 - tni.ny mn^ f h, 

As Shown m Table B9. some revel of numbness occuired for AB at each time point 
between 30 minutes and di»y 2. whQe for 120K EDLA. some level of numbness occuned 
between 30 minutes and >7 days. Level of hmnbness scoies tended to be higher at all times 
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for AB compared to 120K EDLA, although the ma^tude of die range was similar for 120K 
EDLA (0.33 to 4.25) and AB (L25 to 8.17). Level of numbness scores overtime with 1.25% 
120K EDLA w^ lower compared to AB at all time points up to the latter part of day 1, 
when AB scores declined and 120K EDIA scores were highest Level of numbness scores 
wete bigliest at 1 hour post-injection for AB, and at day 1 PM assessments f(nr 120K EDLA. 
continuing with 120K EDLA treatment to demonstrate some level of numbness up to day.?. 
Cbnsistent with results of pinprick and temperature perception ass^sments, mean level of 
numbness scores indicated that most 120K EDLA activity occurred in areas C and D, with an 
earlier onset and notable extended.duration of effect in area D. 

Conclusion^ 

In area D, 120K EDLA, at die highest concentration (1.25%) resulted in 
anesthesia/analgesia in 83% of the subjects and in anesfhesiai ox analgesia in two diirds of the 
subjects. The 1.25% dose/concentration of 120K EDLA demonstrated llie most consistent 
analgesic effect compared to lower EDLA concentrations, according to all efiGcacy measures. 
Onset was between 1 and 6 hours and duration was at least 5 days. Assessmeiit area D 
demonstrated a comparatively greater response to 120K EDLA and AB compared to oflie? 
assessment areas. This result was tiiought to be related to Oxe known variability in the 
anatomical structure Df die superficial radial nerve» rather flum to any intrinsic variability in 
the behavior of the microspheres. 

Example F . 

Evaluating The Safety And Sensory Blockade Characteristics Qf 
40KEDLA and 40KIDLA When Adminfatere d To The Superficial Radial Nerve 

An open-label, comparative, ascending dose-response fetudy compared 40K EDLA, 
40K IDLA, and aqueous bupivacaine (AB). This study was conducted in two parts. In Part 
I, bilateral superficial radial nerve blocks were administered to successive groups of three (3) 
subjects until a dose of 40K EDLA demonstrated a sensory block for a duration of 
approximately three (3) to five (5) days. Aqu^us Bupivacaine (0.5%) was used as a 
reference treatment (AB), Following assessment of duration of sensory block (if less than . 
three [3] days), flie next group of three (3) subjects was enrolled and was administered 
bilateral nerve blocks using a higher dose (concentration) of 40K ED^A and a constant dose 
of the reference treatment (AB). Additional groups of three (3) subjects were entoHed 
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following assessment and resolution of the nerve blocks in the previous group. Adjustments 
in the concentration of 40K EDLA for each subsequent group of ftaco (3) subjects were 
determined. The concentiiitions of 40K EPLA were 0.624%, 1 .25%. and 2.5%. The volume 
per injection was 3 mL. The same volume (3 mL) was used for mjection of 40KBDLA, 40K 
IDLAandAB. 

In Part 2, six (6) subjects received a superficial radial nerve block on oiie wrist only 
(the wrist of the non-dominant, l^nd). Three (3) subjects were administ^d flie selected ^fose 
of 40K EDLA that was identified in Part I as 1.25%. The other, three (3) subjects were 
administered 40K IDLA at the equivalent dose. Blood samples were taken for plasma 
bupivacaine arid dexame&asone levels at 0, 3 and 6 hours post-injection and daily thereafter 
until Oie block resolved. In addition, change? in the amplitude and velocity of radial nerve 
conduction were assessed. 

Efficacy evaluations included onset and duration of analgesia/anesthesia, onset and 
duration of temperature perception block, incidence of analgesia/anesthesia and rate of 
unsuccessful block, degree , of numbness, mechanical touch detection threshold, and 
phaimacokmetic measures. To detennine. the extent and timing pf nerve recoveiy after- 
extended blockade, nerve conduction studies were performed to measure the latency and 
amplitude of the radial sensory response. 

The superficial radial nerve innervates the area of the hand from the radial border near 
the thumb to the middle of the back of the hand. This area was divided into four (4) test areas 
as shown in Figure Dl, which were designated A, B, C, and D. Assessment of efficacy was 
conducted m these four (4). assessment areas. The pattern of local anesthetic effects in Areas 
* A througji D varied within and across subjects, presumably due to variation m the pattern of 
distal radial nerve innervation. Across doses of 40K EDLA, the most consistent incidence 
tod duration of block was observed in assessment area C vereus areas A, B, and D. 
Therefore, data for m£ C are presented for all efficacy meaisures-Cprimary and secondary). 

dnset And Dnratton Of Analgcsla/Anerth^^ ^ 

Pinprick testing was performed in each of the four designated areas (A, B, C, and D) 
the area that appeared to demonstrate the. most pronounced change.fiom baselirie piiipiick 
results was marked with a circle about the size of a . dime. . All subsequent piiiprick tests were 
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peifonned within each of these four (4) ciicles and within each of the four (4) designated 
areas. If an area had not demonstrated any s^ory block, the area was tested with pinpricks 
but without.drawmg a circle. Each circle was '"pricked" approximately three (3) times with 
the dull end of a needle md the subject was asked to state how many of flie pinpricks were 
felt If the subject felt some of the puqiricks, tiie subject was asked how many were felt as 
sharp or as touch/pressure. The number of pinpricks felt as sharp ot as tpuchy^ssure (rated 
as analgesia) was recorded for each area as 0 » subject did not feel any pmpricks (rated as 
anesthesia); 1 « subject felt 2 (rated as an unsuccessful block) or 3 (out of 3) pmpricks as 
touch or pressure; or, 2 = subject felt 2 or 3 (out of 3) pinpricks as sh^rp. If only two (2) 
pinpricks were felt and one (l) was felt as touch or pressure and the ottier was felt as sharp, or 
if only one (1) pinprick was felt, the level of"!" (touch/pressure) was assigned. 

• Onset and duration- of analgesia with or without anesthesia were asse^ed by the 
investigator and by the subject Onset of analgesia widi or without anesthesia was defined as 
the first time at which piiqirick testing on the top of the hand demonstrated. analgesia 
(touch/pressurie) or anesthesia (no pinpricks felt). Pinprick testing for onset of sensory block 
was performed at Baseline, and post-iigection at approximately hours 0.5, 1, 2, 3 and 6, 

Duration of analgesia with or wi&out anesthesia was defined as the time between 
opset of analgesia with or without anestiiesia and time whc?n fliere was a return of sensation t)f 
sharpness to pinpricks in a jgiven area.. Subjects returned to the study site approximately 
every 24 hours for pinprick testing by the evaluator until the offset of sensory block was 
determined. Subjects were also instmcted on how to perform the pinprick assessments at 
■ "home. , • 

The first self-evaluation was perfonned at 12 hours post-injection and fliereafter 
approximately .every 1? hours following the investigator's assessment at each daily return 
visit Self-assessments continued once in the mommg and again m the evening for 14 
consecutive days ppst-injection. regardless of ofi&et All subjects returned for evaluations on 
Days 7 and 14, regardless of of&et 

Onset of Analgcsia/Ancsthi^t a: 40K EDLA vi>rsiii» AB 

To illustrate the effect of differences in assessment areas in Study Part 1, onset and 
. dumtion of block are shown for 1.25% 40K EDLA. by assessment area, in Table I'l. 
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TABLEFl 

Onset and Duration of Analgesia/Anesthesia for 1.25% 40KEDLA , by Assessment Area* 

StudyPartl 



Area A 
. Treatment Pair 
40KEDLA AB 
1.25% 0.5% 


Area B . 
Treatment Pair 
40K AB , 
BDLA 0.5% 
1.25% 

N«3 


AreaC AreaD 
Treatment Pair Treatment Pair 
40KEDLA AB 40K AB 
1.25% 0.5% EDLA 0.5% 
1.25% 

N«3 N-3 


Number (%) of Subjects With Analgesia/Anesthesia (No., [%]) * 
. 2(67%) 3 (100%) j 3 000%) 2(67%) 


3(100%) .3(100%) 3(100%) 3(100%) 


Time to Onset of Analgesia/Anesthesia Q 
S30min ' 0 3(100%) 
>30min-lhr 0 0 
>l-2hrs 1(33%) 0 
>2.3hrs 0 b 
>3-6hrs . 0 0 
>6hrs .1(33%) 0 

Duration (Days) 

Mean (± SB) 0.16 (O.IO) 0.05 (0.02) 
Range 0.05-0.26-. 0.01-0.09 


^o.,(%]) 

0 I (33%) 
0 0 

1(33%) 0 
0 I (33%) 
0 0 * 

2(67%) 0 

0.37(0.17) 0,38(0.35) 
0.14-0.70 O.03n0.73 


1(33%) 3(100%) 0 . 1(33%) 
0 0' 0 0 
0 0 1(33%) 1(33%) 
0 0 0 1(33%) 
1(33%) , 0 . 11(33%) - 0 
I (33%) 0 1 (33%) * 0 

1,53 (6.82)* 0J3 (0.20)' 0.98 (0.97) 0.04 (0.02) 
0.01-2.82 0.09-0.73 0.00-2.93 0.02-^.08 



'Analgesia^ subjects who felt 2 or 3 of 3 pinpricks as touch/^essure. Anes&esia^ subjects who did not fed any of 3 
pinpricks. • • 



Onset of analgesia/anesOesia wi& 1.25% 40K BDLA was slightly faster in 
assessment areas C and D compared to areas A and B. Areas ,C and D had onset OQCurring 
wiOiin six (6) hours in 67% of the blocks whereas areas A and B had onset of 33% of the 
blocks ocouning within six (6) hours. Wifli 0.5% AB treatment, ons^t generally occurred 
. within three (3) hours in all areas. Areas A and C had 10Q% of the blocks occurring within* 
less &an 30 mmutes. Actoss 40K EDLA doses, onset of block occurred wilhm six (6) hours 
in 78% of flie blocks in area C compared to within 30 minutes for 100% of blocks with AB. 
Table F2 summarizes fiiese results. 
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TABLEF2 

Onset and Duratton of Analgesia/Anesthesia* in Area C 









Study Part t 










IVeatment Pair 


lYeatm^tPair 


Treatment Pair 




40KBDLA 


AB 


40KEDLA 


AB 


40KEDLA 


AB 




0.625% 


0.5% 


1.25% 


0.5% 


2.5% 


05% 




N«3 




N«3 




N-3 




Time to Onset of Analgesia/Anesthesia (No. » [%]) 








^ 30 min 


0 


3(100%) 


1 (33%) 


3(100%) 


1 (33%) 


3(100%) 


> 30iniii-^lhr 


I (33%) 


0 


0 


0 • 


0 


0 


> l-2hrs . 


1(33%) 


• 0 


0 . 


0 


1(33%) 


0 


> 2-3 hrs 


0 


* 0 


.0 


0 


0 


0 


>3-6hr8 


0 


' 0 


1(33%) 


0 


; 1(33%) 


0 


> 6hrs' 


1 (33%) 


0 


1 (33%) 


0 


0 


0 


Duration (days) 














Mean . 


1.65 


0.53 


1.53 


0.33 


2.23 


1.00 


(SE) . 


1.28 


0.36 


0.82 


. 0,20 


1.22 


0.10 


Range 


0.02-4.17 


0:01-1.22' 


0.01-2.82 


0.D9-0.73 


• 0.02-4.22 


0.90-1.20 



StudyPart2 

40KBDLA . 40KIDLA 
1.25% 1.25% 
N«3 ' 'N«3 



Time to Onset of Analgesia/Anesthesia (No. [%)) . 


S 30 min 


2(67%) 


2(67%) - . ' 


>30min-lhr 


0 


0 


> 1-2 hrs 


0 


0 . ' 


>2.3hr8 


. 0 


a 


> 3-6 to 


1(33%) 


0 . • ■ . . . ' 


>6hrs 


0 


1(33%) 


Duration (days) 






Mean 


0.84 


.1.09 


(SB) 


0.82 


0.99 


Range 


0.01-2.48 


0.04-3.07 


'AnalgesiVstdjecis folt 2 or 3 of 3 pinprieks as toueli/k)nssure. Anestfaesiv" subjects did not feel any of 3 pinpricks. 



Onset of block was slightly slower for lower concentotions of 40KEI)LA compared 
to higher concentrations, with onset occurring within 6 hoiirs in 67% of the/blocks for the 
0.625% and 1.25% concentrations and in 100% of the blocks for tiie 2.5% concentratioii, as 
shown in Table F2. Figure. Fl shows the peic^eni of subjects demonstrating onset of 
analgesia^anesttiesia wifliin 6 hours for 1.25% 40 K BbhA, in comparison with aqueous 
bupivacaine. 

Duration of analgesia/anesthesia was defined as the time between the first onset of 
•analgesia and the time when there was a return of a sensation of sharpness in response , to 
pii^rick testing (i\e. Joss of analgesia). 
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As shown in Table F2» . the duration of sensoiy block for 1.25% 40K EDLA was 
iiotably longer in area C (1.53 ± 0.82) compared to flie other areas (0.16 ± 0.10, 0.37 ± 0.17, 
and 0.98 ± 0.97 days in areas K B and D respectively). With the 0.5% AB treatment, the 
duration was similar m areas B (0.38 ± 0.35 days) and C (0.33 ± 0.20 days). A shorter 
duration following 0.5% AB treatment was observed in area A (0.05 ± 0.02 days) and area D 
(0.04 ± 0.02 days). Thus, overall, duration of analgesia for AB was shorter than that iseen for 
40K EDLA in areas C and D, but approximately equal to that seen in areas A and B. 

The mean duration of analgesia/anestiiesia in area C was 1 .80 days (across doses) for. 
40K EDLA. and 0.62 days' for AB. The 1.25% 40K EDLA concentration was selected for 
comparison of duration with AB. Duration of analgesia was longer for 1.25% 40K EDLA 
compared to AB (1.5 days versus 0.3 days). The,2.5% 40K EDLA poup demonstrated a 
longer'mean duration of sensory block compared to.die lower concentrations (0.625% « \xl 
days; 1.25% » 1.5 days; 2.5% = 2.2 days; Figure F2), 

The li5% concentration of 40K EDLA was selected from Part 1 for comparison wifli 
the eqpiivalent concentration pf 40K IDLA in Part 2. The thne course of die analgesia is 
shown in Figure F3: The results in area C for.Part 2 showed that onset of analgesia was 
simUajr for 40K EDLA v^reus 40K EDLA, occurring within 6 horns m 100% of 40K EDLA 
blocks versus 67% in the 40k IDLA blocks. Onset of analgesia occurred within 30 minutes 
in 67% of the blocks for both 1.25% .40K EDLA and 1.25% 40K IDLA; Duration of block in 
area C was similar in both groups (0.84 days for 1.25% 40K EDLA and 1.09 days for 1,25% 
40K IDLA). Table F2 summarizes the results. 

The 1 .25% 40K EDLA had a slightly fester onset in areas C and D (67% of blocks 
occurred m under 6 hours) in comparison to areas A and B (33% of the blocks occurred in 
under 6 hours). Acix)ss doses, onset of block occurred with 40K EDLA within 6 hours in 
78% of the blocks in area C compared to within 30 minutes for 100% of blocks with 0.5% 
AB. 

Wifli 1.25% 40k EDLA, flie duration of analgesia/anesthesia was notably longer in 
area C (1.5 daiys versus 0,16, 0.37 and 0.98 days in axeas A, B and D respectively). Across 
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doses the duratioii of analgesia/anes^sia was longer in the 40K EDLA sensoiy blocks 
versus that in the AB group. The mean duration of analgesia in the 4pK EDLA blocks ranged 
fiom 1.53 days to 2.23 days with thie longest duration noted at the' highest 40K EDLA 
concentration (0.625% » 1.65 day^ ,1.25% « 1.53 days and 2.5% » 2.23 days). The mean 
duration of aiidgesia m die AB blocks ranged from 0.33 days to 1.00 days. 

Onset and Duration of Temperature Percepflon Bloclf 

Temperature perception block was assessed as set forOi in Example D, at baseline, 
and at post-injection hours 0.5. 1, 2, 3 and 6. The first self-evaluation was performed at 12 
hour^ post-injection and thereafter approximately every 12 hours following flie investigator's 
assessment at each daily return visit. Self-assessments continued once in the morning and 
again in the evening for 14 consecutive days post-injection, regardless of o£&et Blockade of 
temperature perception was rated on a scale of 0-1, with 0 « ''Yes" (a change in tempemtme 
w^ perceived), and 1= 'W* (no change in temperature was perceived). The data presented 
below are fliose firom area C, the area that was shown to provide the longest duration of 
analgesia. The results are set forth in Table F3: 
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TABLE F3 

Onset and Duration of Temperature Perception Block in Area C 



Study Part I 





Treatment Pair 




Treatment Pair 


Treatment Pair ' 




40KEDLA 


AB 




AnV DTM A 

4Ui\. cULA 


AO 


40KEDLA 


AB 




0.625% 


0.5% 




1.25% 


0.5% 


2.5% 


0.5% 




N"3 






N-3 




• N-3 


Time to Onset of Temperature Perception Block 


[Na,%) 








^ 30min 


0 


3(100%) 




0 


3(100%) 


2(67%) . 


3 (100%) 


> 30min-lhr 


0 


. 0 




0 


0 


0 


0 


> 1-2 hrs . 


1(33%) 


0 




0 


0 


I (33%) 


0 


> 2r3 hrs ■ 


; 0- 


0 




1(33%) 


0 . 


0 


0 


> 3-6 hrs 


.0 


0 




1 (33%) 


0 


0 . 


0 


> 6hrs 


2(67%) . 


0 




1 (33%) 


.0 


0 


0 


Duration (days) 
















Mean 


.1.11 


0.95- 




. 3.10 


0.37 


0.03 


0.61 


(SB) . 


(0.61) 


(0.16) 




(0.55) 


(0.21) 


(0,01) 


(0,52) 


Range 


0.02-2.15 


0.67-1.22 




2.25-4.13 


0.02-0.73 


o.oi-o:o6 


0.01-1.66 



Study Part 2 





40k:bdla • 

1.25% 
N=3*' 


40K1DLA 
1.25% 
N=3 




Time to Onset of Temperature Percepticm Block (Na, %) 
2S30min 1(33%) 1(33%) . 
>30min-lhr- 0 - 0 
>l-2lus 0 . 1(33%) . 
>2.3hrs 1(33%) 0 
>3-6hrs 1(33%) 0 
>6hrs 0 1(33%) 




Duration (days) 

Mean 

(SB) 

Range 


2.85 
(1.93) 
0.01-6.55 


0.49 
(0.36) 
0.11-1.21 





The results for temperature perception block were similar to those for analgesia; 40K 
EDLA had a slightly earlier onset (100% wifliin 6 hours for 40K EDLA versus 67% within 6 
hours for 40k IDLA). As can be ascertained fix>m the results set forth in Table F3, onset of 
temperature perception block in area C was earlier for AB across all doses (100% widiin 30 
minutes) ttian for 4|0K EDLA across all doses (22% within 30 minutes). As shown in Figure 
F4, onset of temperature perception block wiflim 6 hours in area C was observed more 
reliably with progressively hi^er concentrations of 40K EDLA (33% for 0.625%, 61% for 
1.25% and 100% for 2.5%). The 2.5% 40K EDLA group had 100% response rate within 2 
hours. 

Across, doses, the duration of temperature perception block was longer in area C for 
40K EDLA versus AB (1.41 days ydrsus 0.64 days, respectively). Blockade of teinperature 
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perception in area C was longer for 1 .25% 40k EDLA in comparison to the higher and lower 
concentrations (0.625% 40K EDLA » 1.11 days; 1 .25% = 3.10 days; and 2.5% = 0.03 days) 
(Table F3). The mean duration of temperature block across &e 40K EDLA doses ranged 
ficom. 0.03 to 3.10 days fpr the 40K EDLA group, while for AB the mean duration of sensory 
block ranged ftom 0,37 to 0.95 days. The short duration of temperature perception block in 
the 2.5% 40K EDLA group was due in part to ttie utilization of only Oie time of the initial 
temperature perception block for reporting the duration of the block. As shown in Figure FS, 
blockade of tempemture perception in area C was longer for 1 .25% 40K EDLA versus 1 .25% 
40K IDLA (2.85 days for 40K EDLA versus 0.49 days for 40K IDLA). 

Incidence Of Analgesia/Anesthesia 

In evaluating Incidence of analgesia/anesthesia, sensory block was rated as analgesia 
if the subject reported feeling two (2) or three (3) of the pinpricks as touch/pressure. Sensory 
block was rated as anesthesia if the subject reported no sensation in response to pinpncki 
The number (%) of subjects who experienced analgesia versus anesthesia at any time point 
was calculated. Percent of unsuccessful sensory blocks was defined as the percent of blocks 
in which neither anestiiesia nor analgesia were, demonstrated. The percent of unsuccessful 
blocks at any ttmb^int was calculated. The results are shown in Table F4: 
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TABLE F4 

Incidence of Analgesia'/Aoestbesia" in Area C 





• Study Parti 






0.625% 40K 0.5% AB 


1.25% 40K 


0.5% AB 


2.5% 40K 


0.5%AB 


BDLA 


BDLA ■ 




EDLA 


N=3 


N»3 




N=»3 




No. (%) with analgesia* ' 










■ 3 3. 


3 


3 


3 


3 


(100%). rioo%) 

No. (%) with anesthesia*" 


(100%) 


(100%) 


(100%) 


(100%) . 


2 I 


I 






.2 


(67%) 03%) 


(33%) 


(33%) 


(67%) 


■ (67%) 



Study Part 2 



U5%40KBDLA 


l.25%40iCIDLA 




N«3 


N-3 




Nq. (%) with analgesia' 

3 

(100%) 
* No. (%) with anesthesia*' ■ 


3 

(100%) 
(33%) 




• 2 
(61%) 





*Subjeeis had not Mt any ofS pmpridB 

The incidence of analgesia in area C was flie same for 40K EDLA and AB as shown 
in Table F4 (analgesia = 100% for both groups). The incidence of anesthesia was slightly 
• hi£^w far 40K EDLA (across all dosing groups. 56% incidence of anesdiesia for 40K EDLA 
and 44% for AB). Among 40K EDLA dose groups, the incidence of block in area C was 
fcirly consistent Analg^esia occurred in 100% of flie blocks for all 40K EDLA doses. 
Anesthesia occurred sUghtly less ftequeritiy in the 1.25% group (33%) compared to subjects 
in the 0.625% and 2.5% groups (67%). ' 

The 1.25% concentration demonstrated flie same rate of analgesia (100%) in area C 
for bolit the 40K EDLA and 40K IDLA groups. The incidence of anesthesia was higher m 
the 125% 46k BDLA group (67%) versus the U5% 40K EDLA group (33%). None of the 
sensory blocks adnunisteied in this study were unsucpe^iiil in aiea C. 

In area A during Part 1 of the study, 67% of flie.btocks across doses of 40ll EDLA 
were unsuccess&l md 11% of (he blocks for AB were unsuccessful. In area A for Part 2 of . 
die study, 33% of the block? were unsuccessful for 1.25% 40K EDLA and 67% of the blocks 
Were unsuccessfol for 1.25% 40K IDLA. lii area B of the study during Part 1, 11% of the 
blocks that were unsuccessfol for both 40K EDLA and AB. In area B during Part 2 of the 
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Study, Aeie were no tmsuccessfiil blocks in the 125% 40K EDLA gioup, whereas 67% of tiie 
blocks weie unsuccessful in the, 1.25%^ 40K EDLA group. Finally, in area D, fheie weie no 
unsuccessful blocks observed during Part 1 of the stucfy. During Part 2 of die study, no 
unsuccessful blocks were seen in area P for the 1.25% 40K EDLA group; 33% of the blocks 
were unsuccessful in area D for the 1 .25% 40K IDLA group. 

Degree of l^up^lypyiBs 

Degree of numbness was assessed by asking subjects to rate the degree of numbness 
following touch to ttie sensory blocked areas on the back of the hand. Degree of numbness 
. (defined as' die distribution of numbness ratings at each time point) was based on an 1 1 -point 
rating scale; 0 equals not numb at all and 10 equals totally numb. Degree of numbness was 
assessed at Baseline, and at post-injection hours 0.5> 1, 2, 3 and 6. The first self-evaluation 
was performed at 12 hours post-injection and thereafter approximately every 12 hours 
following, the tnvestigfttor^s assessment at each daily return visit for 14 consecutive days 
post-injection, regardless of ofket . 

The peak numbness score for the 1 .25% group was seen at Day 1 post-injection while 
the peak numbness score for AB was observed at 30 minutes post-injection. Across 40K 
EDLA doses, the mean peak numbness score in area C was 7,89 at 1 day post-injection, and 
was approximately equal to tiiat seen with AB, peak numbness score of 9.33, which, occurred 
earlier, at 30 minutes post-injection. The highest mean "numbness scores in area C and the 
time of peak numbness for each dose group were as follows: 0.625% 40K EDLA = score of 
7 at both 12 hours and 1 day post-injection; 1.25% 40K EDLA = score of 9 at Day 1 and 
. 2.5% 401^ EDLA « score of 7.67 at .Day 1, The peak numbness score was seen later for the 
40K EDLA groups. 

As shown in Figure F6, the peak numbness scores in area C for 1 .25% '40K EDLA 
and 125% 40k IDLA were quite similar. The mean numbness score for 1.25% 40K EDLA 
wto 8 and occurred at bofli 12 hours and 1 day post-mjection, compared to a score of 8.33 for 
40K IDLA, which occurred 6 hours post-injection.. Thus, while iflie peak numbness scores 
were shnilar, tfie peak numbness 9core was achieved much sooner m the 40K IDLA group. 
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Mechanical Touch Detection Threshold 

Mechanical Touch Detection Threshold was defined as the lowest force or number of 
a Von Fiey Hair (VFH)' that produced a sensation of touch or pressure: Mechanical Touch 
Detection Threshold was determined using 20 progressively rigid Von Friey Hairs (Somedic 
A/B, Stockholm, Sweden). Each of fht four (4) designated areas on the top bf flie hand were 
stimiilated three tin»s witti each VFH, starting with VFH No. 1.65 Qeast rigid) up to VFH 
No. 6.6iS (most rigid). The lowest VFH number in which two (2) of the three (3) stimulations 
were detected (sensed ais touch or pressure) was recorded. If VFH No. 6.65 had not produced 
ainy sensatioii of touch or pressure (two [2] out of three [3] stimulations), a value of seven (7) 
was assigned. Mechanical Touch Detectiop Threshold was assHBSsed at baseline, and at post- 
injection hours 0.5, 1, 2, 3 and 6 by flie principal investigator, every 24 hours thereafter until 
ofiset; and on Day 7 arid Day 14 regardless of of&et. 

In 1 of the study, ttie 40K EDLA sensory blocks and AB sensory blocks had 
similar Mechanical Touch Detection Threshold scores. Across doses the ipieak Mechanical 
TCouch Detection Tta^shold score in area C for the 40K EDLA groups was 5,10 occurring at 
Day 1 post-injection. The peak Mechanical Touch Detection Hireshold score for AB was 
5.04 pccurj^ng at 1 hour post-injection. , ITius, the peak Mechanical Touch Detection 
Tbresliold score was seen in the AB group with an earlier onset than was seen in the 40K 
EDLA group. Similar Mechanical Touch Detection Threshold scores were obtained across 
the three 40K EDLA dose groups: 0,jS25% 40K EDLA = 4.78 at Day 1; 1.25% 40K EDLA = 
5.54 at Day 1; and 2.5% 40K EDLA « 4.98 at Day 1. 

The Mechanical Touch Petection Threshold for 40K EDLA and 40K IDLA were as 
shown in Figure F7. T^ie peak iffechanical Touch Detection Threshold score for 1.25% 40K 
EDLA was 4.85 and occurred on Day 1, compared to a score of 4,36 for 1.25% 40K IDLA, 
which occurred 6 hours post-injection. Thus, a similar peak was se^ in flie 40K EDLA and 
40K IDLA groups, wiflj a longer latency onset to peak score observed in die 40K EDLA 
group. Similar Mechanical Touch Detection Threshold scores were observed in the 40k 
EDLA and AB groups. Across doses^ Oie peak Mechanical Touch Detection Threshold' score 
for 40K EDLA groups in area C was 5.54 while the peak Mechanical Touch Detection 
Threshold score for AB groups was 5.04. Similar Mechanical Touch Detection Threshold 
scores were obtamed for the three 40K EDLA dose groups (0.625% « 4.78^ U5% = 5.54 and 
2.5% = 4.98). 

*- * 208 



wo 02/058670 



PCT/US02/02461 



Pharmacokinetic Results 

Plasma bupivacaine and dexamethasone concentrations over time weie determined for 
40K EDIA- and AOK IDLA-treated subjects in Part 2. Phannacokinetic parameters (dnux, 
Tniax» and AUG) were calculated fiom plasma concentrations of 40K EDLA and 40K EDIA. 

Subjects had blood drawn pre-dose (baseline)^ at three (3) and six (6) hours post- 
injection, and approximately evexy 24 hours until Hie ofGset of die block was determined. 
Dexamediasone and bupivacaine concentrations were • determined using liquid 
chromatography. The calibration ranged from 0.05 to 300 ng^mL for dexamethasone and 
SM to 300 ng/mL for bupivacaine. wh^ tiie limit of quantitation was O.OS ng/mL for 
dexameAasone and 5.00 ng/mL for bupivacaine. 

Data on plasma bupivacaine concentrations are summarized by treatment group in 
Figure F8. Mean plasnm bupivacaine concehtratioii versus time curves for 40K EDiA and 
40K IDLA were markedly different fiom one anotiier. The 1.25% 40K EDIA group had an , 
early mean peak of 92.67 ng/wl at 3 hours post-injection, this peak level (which was seen 
earlier than in the 40K IDLA group) was maintained at approximately this level at 6 hours 
and Day 2 post-injection, but with a drop to 45.73 ng/ml at Day 1 post-injection. Plasma 
bupivacaine levels in the 40K EDLA group were still elevated at Day 4 post-injection at. 
52.85 ng/ml. In the one subject sample collected at Days 5 and 6^ the plasma bupivacaine 
levels had returned to near-baseline levels of 28.:j ng/ml (day S) and 19 ng/ml (day iS). 

Following injection wifli 1.25% 40K IDLA, plasma levels of bupivacaine had a mean 
peak value of 106.03 ng^l at 24 hours: (Figure F8). Elevated levels of plasma bupivacaine 
were still observed at 2 days post-injection (6023 ng/ml).. At Days 3 and 4 post-mjection; 
however, the bupivacaine levels had decreased to 14.8 ng/ml and 6.28 ng/ml. respectively. 

Plasma dexamethasone concentrations were undetectable at most of the timepoints 
tiiat were measured following injection witii 125% 40K.EDIA or 40K IDLA. The mean 
plasma dexameflmsone concentrations in tiie 40K EDIA group that were detectable were 
observed at 3 hours (0.1 ng/ml), 6 hours (0.12 ng/ml) and 2 days (0.02 ng/ml) post-injection. 
Plasma bupivacaine i^harmacokinetic parameters are summarized m Table F5 below: 



209 



wo 02/058670 



PCTaJS02/02461 



Table FS 



Bttpivacaine Pharmacokinetic Parameters (Mean (+/-SE) 



40KEDLA 
\25% 
N=3 



Study Part 2 



CBw(ng/ml) 153.03(57.07) 
Tma(hr) 27(22.52) 
AUG (ng*hr/ml) 684Z67 (391 9.99) 



^KIDLA 
1.25% 

'N='3 



106.03(38.18) 
,24(0) 
3333.67(1196.93) 



As .can be seen in . Table FS, the time of occurrence, of peak bupivacaine 
concentrations (Tnttx) was similar .between the 40K EDLA and 40K IDLA groups (27 hours 
post-injection for the 40K EDLA group and 24 hours post-mjection for tiie 40K IDLA 
group). However, the maximuip concentration of drug (Cmai^ was higher in &e 40K EDLA 
group (1S3.03 ng/ml for 40k EDLA group and 106.03^ in the 40K IDLA group). This higher 
Cmax in fhe 40K EDLA group and long^ time at which the elected concentrations of 
bupivacaine were mainlined resulted in an iiuaeased total bupivacaine AUG in the 49K 
EDLA group in comparison to tfie 40K IDLA group. The mean total AUG for the 40K 
EDLA group was 6842.? ng^hi/nj while, die mean total AUG for flie 40K IDLA group was 
3333.7 ng*hr/inl. \, . 

No plasma dexamethasone pharmacokinetic parameters were reported for eilHer the 
40K EDLA or 40K IDLA groups in Part 2 of tiie study. The very low mean plasma 
dexamefliasone concentrations that were detectable in the 40K EDLA group were observed 
foUowipg the injection at 3 hour? (0.1 ng/ml), 6 hours (0.12 ng^ml) and 2 days (0.02 ng/ml). 

Nerve Conduction Testing 

/; To assess potential nerve damage, change ftom baseline (pie-injection) in amplitude 
and velocity of nerve conduction was assessed. Nerve conduction studies were conducted to 
determine flie time course of iwurophysiological effects of the drug, specifically, the 
amplitude, latency and distance of the neurophysiological sensory response oVer time, and the 
time to return of normal sensation. Nerve conduction studies were conducted on the right 
and/or left superficial radial nerves on ttie hand assigned to be injected with study 

, medication. Skin temperature on ^e. hands was measured using a standard practice/mfeftod. 
A minimum skin temperature of 32**G was maintained ttroughout the conduct of nerve 
testing, and theiinal packs was used to warm the hands if the temperature fell below the 
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minimum. Two lecording ring electrodes coated with conducting gel were placed over Uie 
base of ttie fhumb and the stimulating electrode was placed over &e wrist, approximately 2 
cm proximal to tfae wrist. A ground electrode, coupled with electrode paste, was taped to the 
skin between tfae stinmlating and recording electrodes. Using graded intensity stimuli, single 
electrical pulses, tasting no more flian 1/1 ,000*^ of a second (1 ms), were gradually increased 
in current until a maximal sensory response was obtained. The intensity was then increased 
sligihtly io ensure siqnamaximal stimulation, in accordance with standard practice. 

Some variation m tfae course of the superficial radial nerve and its branches was 
anticipated, in keeping with &e anatomic variabiaity of Ms nerve. Accordingly, disc 
recording electrodes in Ifae first web space were afigxed to Oie skin with tape. The response 
amplitude in Ifae web space was to be five (5) riicrovolts or greater. If flie response 
amplitude suggested that alternate sites were superior, ttie investigator varied the placement 
of ttie recording electrodes over the distal branches of the nerve. 0nce a reliable assessment 
montage was detennined for a given subject, the identical montage was used throughout the 
course of the study to measure the latency and amplifeide of the radial response. Sensory 
response amplitude, latency and distance [betWeen stimulating and recordmg electrodes], as 
well as skin temperature, were recotded. In addition, placement of the stimulus and 
recording electrodes was described. 

' • Nerve conduction testing was perfonned at baseline, i, 6, and 24 hours post-^^^^ 
aiid thereafter, oii Days 7 and 14; and at the 6-week follow up. If the results of the nerve 
conduction test were abnormal at flie e-week evaluation (outside of +/- 20% of normal 
range), tfae tests were repeated at the 3- and 6-month follow-up visits. If the results were 
normal at the 6-week evaluation, no further nerve conduction tests were required. Changes in 

. amplitude and/or velocity of nerve conduction were summarized by treatment Post-injection 
vital signs were compared wifli baseline assessments using a paired t-test. Laboratory values 
recorded pre- and post-iqection were analyzed using slufi tables. 

Table F6 provides data obtained with respect to changes in amplitude of nerve 
conduction: 
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TABLE P6 









Study Part I 








Treatment Pair 


Treatment Pair 


Treatment Pair 




40KBDLA 


AB 


40KEDLA 


AB. 


40KEDLA 


AB 




0.625% 


0.5% 


U5% 


0.5% 


2.5% 


0.5% 




N = 3 




N = 


3 


N = 3 




Baseline Mean 


33 . 


28.67 


36.5 


31 


35.17 


31 


Mean Change Hour 1 


-15.33^ 


-18.67 


-14.17 


-18.83* 


-12;13 


-20.33 


Mean Change Hour 6 


-16.37* 


-20.47* 


-18, 17* • 


-19.67* 


-21.17 . 


-16*» 


Mean Change Hour 24 




-10.67' . 


"-25.83» 


-7.67 


-24.5 


-IS** 


Mean Oiange Day 7 


-4,83 


-r* 


-9.83 


-3.33 


-12.5 


+0.17 


Mean Oiange Day 14. 


-1.83 


+3 


-1.67 


+3 


-5.33 , 


+1 



Baseline Mean 
Mean Change Hour I 
Mean Change Hour 6 
. Mean Change Hour 24 
Mean Change Day 7 
Mean Change Day 14 



Tfeatment Group 
1.25%40BCEDLA 

N-3 



Study Part 2 



Tr^itment Croup 
l.25%40KipLA 
N"3 



40 
-18.67 
-21.5* 
-33.3' 

-3.67 
. -7.5 



37.83 
-14.17 
-19.5** 
-21** 
-5.83 
-2.33 



* Significant at 20.05 level ' 
**Sigmftcaatat^.01 level 

*Only two sttlyectB were evahiated at Hour 24; the mean chaqge compared to baseline mean is for the same'two sulrjects. 

Aqueous bupivacaine (0.5%), 40K EDLA, and 40K IDLA all resulted in diminished 
amplitude of the conducted impulse beginnmg at hour 1. In general, the effect on nerve 
conduction ampliUide was greater for higher concentrations, of 40K EDLA and was greater 
for 1.25% 40K' EDLA than for 1.25% 40K IDLA. .The effect of 0.5% AB was greater than 
any concentration of EDLA at Hour 1, a difference that had reversed by hour 24. 



Table F7 provides data obtained with .respect to changes in velocity of nerve 
conduction: 
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TABLE F7 







Study Parti 








Treatment Pair 


TVeabnent Pair 


Treatment Pair 




40KBDLA AB 40KBDLA AB 




AR 




0.625% 0 5% 




7. S% 
. /o 


\Mwjyo 












Baseline Menu 






^ fill 
3.00 


O.t J 


Mean Change Hour 1 


+0.03 , -0.42 


+0.25 +0.42 






Mean Change Hour.6 


-H).28 ' -0.69 


40.56 +o!06 


+0.39 


+0.21 


Mean Change Hour 24 


40.28 -0.12 


-0.15 • +0.02 


•+o!67 


-0.'73 


Mean Change Day 7 


-0.42 +0.02 


+0.14 +0.23 


+0.02 


+0.03 


Mean Change Day 14 


+0.12 0 


-0.12 • +0.48* 


0 


0 






StuclyPart2 








Treatment Group 




Treatment Group 






K25%40KBDLA 




1.25%40KIDLA 






N = 3 




N-3 . 




Baseline Mean 


6.73 




6.87 




Mean Change Hour 1 


-0.04 




-0,12 




Mean Change Hour 6 


-0.17 




-0.31 




Mean Change Hour 24 


. . 




-0.07 ' 




Mean Change Day 7 . 


-0.73 




-0.81 




Mean.Change Day 14 


• -0.46 




-0.45* 




^Significant at level 



"My two subject^ with recorded value at Hour 24: flie mean change is based on CQmpaiisiMi Ibr diese two aidjeels only. 

The effects on nerve conduction velocity were small for all agents and concentrations. 
This effect was slightly greater iii the 40K EDLA than the 40K DDLA groiq), and the effect 
was correlated with increasing concentrations of 40K EDLA. , For all treatment groups, the 
Change in conduciion and amplitude had resolved or nearly resolved at the Day 7 evaluation. 

CONCLUSIONS 

.In general, 4PK EDLA had a longer onset and duration of action. than 0.5% AB for 
both analgesia and temperature perception block. The mean duration of analg^sia/anesfliesia 
in area C was 1.80 days (across dos^) for 40KEPLA and 0.62 days for aqueous bupivacaine 
(acioss doses). Assessment area C provided the most consistent onset and longest duration 
among the 40K EDLA groups. Thus, ttie efTicacy results rq>orted wm focused on the results 
obtained &om axea Q. Dexamethasone was generally more effective in prolonging the action 
of 40K EDLA in measures of efiicacy (i.e., 2.85 days of temperature perception block for 
1.25% 40K EDLA group versus 0.49 days for 1.25% 40K IDLA group). The 4pK EDLA 
group had a higher total systemic exposure to bupivacaine than did tfie 40K IDLA group (a 
mean total AUG of 6842 .ng*hr/ml. for 40K EDLA and 3333.7 ng*hr/ml for 40K IDLA). 
Thus, 40K EDLA in the 1.25% and 2.5% formulations appeara to be a safe and effective 
method ofproducing local analgesia of extended duration. . 
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Effect of Dexamethasone op Sensory Nerve Blocks • 

The results of Part 2 were designed to illustrate fhie piotential effect Qiat v&cy low 
doses of dexamethasone can have on extending the duration and effectiveness of 40k EDLA. 
In Part 2 of &e study. 125% 40KEDLA produced a more rapid onset of analgesia/anesthesia 
(100% of the subjects wifliia 6 hours) and had a similar duration of action (mean » 0.84 days) 
. compared to 1 .25% 40K TDLA (onset » 67% withm 6 hour;; mean duration » 1 .09 days)! 

Results of the time to on^et of temperature perception block (somesthetic test) were 
sunilar to those for analgesia; 40K.EDLA had a sligihdy earlier onset (100% within 6 hours 
for 40K EDLA versus 67% within 6 hours fbr 40K IDLA). The duration of temperature 
perception block was much longer for 40K EDLA in comparison to 40K IDLA (2.85 days for 
40K EDLA Versus 0,49 days for 40KIDLA). 

40K EPLA proditped a similar degree .of numbness score (peak iiumbness score - 8) 
compared to 40K IDLA (pe^ nun^bpess score « 8.33). 

' The same rate of analgesia (100%) was noted in both 40K EDLA and 40K IDLA, 
The incidence of anesthesia was slightly higher in the 40K EDLA group (67%) versus the 
40K IDLA group (33%); 

In a similar fashion the Mechanical Touch Detection Threshold for 40K EDLA and 
40K IDLA produced similar responses. The peak Mechanical Touch Detection Threshold 
score for 40K EDLA was 4,85 and occurred on Day 1 post -injection, while the peak 
Mechanical Touch Detectipn Tljreshold score for 40K IDLA was 4.36 which occurred 6 
hours post-injection. Thus, wljile the peak Mechanical Touch Detection Threshold scores 
were similar in the 40K EDLA and 40K IDLA groups, longer time needed to reach the peak 
score m the 40K EDLA group. 

Sommarv of Safety 

40K EDLA, 40K IDLA» and AB were all associated with a tfane-limited decrease in 
die amplitude of radial nerve conduction. Small changes were obs^ed in the velocity of 
radial nerve conduction and were not judged to be of clinical significance* including the two 
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Statistically signiiBcant changes that appeared at the Day 14 evaluation in tadial nerves 
exposed to 0.5% AB (in the 1,25% 40KEDLA/0.5%ABgioUp) and 1.25% 40KIDLA. . 

Example G 

The Sensory Blockade Characteristics Of An Extended Duration Local Anesthetic 
(EDLAV And An Intermediate Duration Local Anesthetic ffPLAI When Administered 
• . To The Superficial Peroneal Nerve 

An open-label, comparative^ 2-part, dose-iespbnse study evaluated ascending dose 
levels of 120k EDLA and 4PK EDLA to identify ttie efiEbctive dose. At the e£fective dose, 
the optimal fonnulation would provide a 3- to 5-day duration of j^nsoiy blocks The role of 
dexamelfaasone in extending the duration of bupivacaine activity yiras also evaluated! The 
five treatments were 126k EDLA and 40K EDLA, prepared in accordance with Example 2, 
and 120K IDLA and 40K IDLA (prepared in accordance with Example 1), and Aqeuous 

Bupivacine (AB). The test drugs and concentrations, all of which were administered in 3- 

* 

miUOiter (inL) iiyectioiis; an shown in Ta1)Ie Gl below. 



TABLE Gl 



Drug and 
Concentration* 


Dose Form 


.UnltSlrehgUi 
(eadi mU 


Total Dose 
DmL) 


120KEDLA 0.625% 


Suapenskm 


Bupivacaine 


4.5ing^niL 


13.5 mg 






Dexamethflsone 


2.5 ^g/mL . 


7.5 M 


120K EDLA 1.2^% 


Suspension ' * 


Bupivacaine 


9.0mg/mL 


27.0 nis • 






DocamethasMie 


5.0|i^knL 


14.5 )ig 


120KBDLA2.S% 


Suspension 


Bupivacaine 


18.0 . 


54.0 mg 






Dexamethasone 


10.0jig^niL 


30.0 ^g 


40KEDLA 0.312% 


Suspension 


Bupivacaine 


2.3mg/mL 


7.0 mg 






Dexamethasone 


i.2^^mL 


3.7 |»g 


40KBDLA 0.625% 


Suspension 


Bupivacaine 


4.5n^mL 


i3Jmg . 






Dexamethasone 


2.5 ligfmL 


• 7.5 |ig 


40K EDLA 1^5% 


Suspension 


Bupivacaine 


9.0mg/mL 


27.0 mg 






DexameOiasone 




' 14.5 |ig 


40KBPLA 2J% 


Suspension 


Dexamethasone 


18.0 mg/mL 


54.0 mg* 






Bupivacaine 


10.0 ^g^ 


30.0 [ig 


1201Cn}LAt^% 


Suspension 


Bupivacaine 


9.0n«^nnL 


ZJJOmg 


4QK IDLA 1.25% 


Suspension 


Bt^ivacaine 


9.0mg/mL 


27.0 mg 


AB0^% 








15.0 ng 


Solution 


Biq>ivacaine 


5 mg/mL 


15.0 mg 



The 40K IDLA fonnulation was included to assess the lole of dexamettiasone in 
•exteiiding Qie duration of bupivacaine local activity. Procedures for testing 120K EDLA 
vefsus (vs) 120K IDLA and 40K EDLA vs 40K IDLA were slightly diflferent Unilateral 
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. injection of 120K EDLA or 120K IDLA pennitted assessment of plasma concentrations of 
bupivacaine and dexamefbasone. Plasma concentrations ^ete not assessed in subjects 
receivmg bilateral injections of 40K EDLA and 40K IDLA. Treatments administered are 
shown in Table G2 below. 

TABLEG2 

Test and Reference Treatments for the Comparison . 

! i study Drug and Bbse |. . Reference 

, ■ Study Parti" ' . 



B0ateraIInJ 


ections 


120KBDLA 


40KBDLA 


• AB 


(3inL) 


. pmL) 


{3mL) 




0.312% 


0.5% 


0.625% 


6.625% \. 


0.5% 


1.25% 


1.25% 


• 0.5% 


2.5% 


i5% 


•0.5% 



Study Part 2 



Unttaterttl In 
. 12bKEDLA 
(3mL) 
105% 


lections 

J20KIDLA * 
(3 mL) 
1^5% 


BnaterallnJ 

40KBDLA 
(SniL) 
1.25% 


ecttons* 

40KIDLA 
<3inL) 
1.25% • 



* Subjects iccitived 1 20K EDLA or AOK EI^A in ono foot plus AB in die other 
*"nie 40K EDLA and 40K ffifLA groups coifipnsed 6 subjecto v/bo recdvud EDLA in one foot and 
IDLA in the other. 
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. For each supeifidal peroneal nerve block sulmi^ 
superficial peroneal nerve was made prominent by the maximum plantar flexion md slight 
adduction of the foot and its superficial course was marked where it is most easily identified^ 
just medial and slightly distal to the hteral (fibular) malleolus. The needle was leduected 
towards the medial malleolus and advanced 2-4 centimeter (cm) as an additional medication . 
was mjected subcufaneously to anesthetize .the medial branch of tte supeificial peroneal 
nerve. 

In Part 1, subjects received 120K BDIA ( at 0.62S%» 1 .25% or 2.5%) as a superficial 
peroneal nerve block to one foot and AB 0.5% as a superficial peroneal nerve block to the 
opposite foot. For evaluatmg the 40K EDLA formulatioh, subjects received 40K EDLA 
(0.312%, 0.625%, 1.25% or 2.5%) as a superficial pe^neal nerve block to one foot and AB 
0.5% as a superficial peroneal nerve block to the opposite foot * 

The 1 .25% concentration was selected for comparison of 40K EDLA to 120K EDLA . 
and to 40K DDLA in Part 2. Subjects received unilateral injections of 120K EDLA or IDLA 
at 1.25% in flie left foot Additional subjects received bilateral irijections of 1.25% 40K 
EDLA in one foot and 1.25% 40K IDLA in the other foot 

Efficacy measurements were onset and duration of analgesia (with or without 
anesthesia), incidence of analgesia (with or without anesthesia), onset and duration of 
temperature perception block, degree of numbness, number (%) of unsuccessful sensory 
blocks, and pharmacokinetics/pharmacodynamic meausures. Safety variables included paki 
upon injection. 

Onset And Duration Of Analgesia (With Or Without Anesthesia) 

Sensory blockade Was assessed by lightiy tapping the skin on the dorsum of the foot, 
using the dull end of a dental needle (or similar, type needle). Ihe area above the 3id and 4tii 
metatarsals was designated as the primary test airea. Additional ar6a(s) were identified as 
demonstrating sensoiy block; these areas were designated secondary test areas. The primary 
and secondary areas demonstrating sensory block were marked witii a surgical pen to 
designate the pinprick test areas. Pinprick tests were then conducted consistently witiun these 
sites. 
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•The primaiy and secondaiy areas were tested Using pinprick .three times and the 
subject was asked how many pinpricks were felt The density of the sensory block was rated 
on a 0-2 scale, wifli 0 = anesthesia, 1 = analgesia, and 2 = no block. Ratings ware scored as 0 
'= subject felt 0 (out of 3) pinpricks; 1 « subject felt 2 or 3 (out of 3) pinpricks as touch or 
pressure or subject felt 2 (out of 3) pinpricks, 1 as touch or pressure, and l as sharp; and, 2 « 
subject felt 2 or 3 (out of 3) pinpricks as sharp. 

Onset of analgesia (with or without anesthesia) was defined.as flie first time at which 
pmprick testing on the top of the foot demonstrated analgesia (touch/pressure) or anes&esia 
(no pinpricks felt). Pinprick testing for onset of sensory block was performed at pre-dose 
(baseime) and approximately 30 minutes, 1^ 2, 3 and 6 hours post-injection. 

' Across all doses (Parts 1 and 2), onset of blbpk occurred wiOiin £3 hours in 67% of 
blocks for 40K EDLA, compared to 100% of blocks for AB, and 4% of blocks for 120K 
EDLA. For tiie 1.25% concentration, onset of block occurred wifliin '<3 hours in 100% of 
40K EDLA blocks vs 1 1% of 120K Et>LA blocks (Figures Gl and G2). Onset of block was 
fester for higher vs lower concentrations of 40K EDLA, with onset occurring in ^ hours m 
61% of blocks for 0.625% and 2.5% concentrations, and in 100% of blocte for flie 155% 
concentration. These results are summarized in Table 03. 

Onset of block was faster' for 1,25% 40K EDLA compared to 1.25% 40K IDLA, 
occurring in hour in 3.3% of 40K EDLA blocks vs 0% of the 40K IDLA blocks. As 
shown in Figure G3 and Table G3, onset was ^ hours in 83% of 40K EDLA blocks vs 33% 
of 40K IDLA blocks. No response was observed for 1.25% 120K HDLA and 1-25% 120K 
DDiLA in Part 2 of the study. There were no obvious reasons for this findhig. One subject 
(Subject 21) received a suboptiinal injection (drug not injected 1 hour after suspension was 
prepared). Plasma bupiyacaine concentrations estimated for these subjects were below die 
limits of detection. 



216 



Wp 02/058670 



KrT/US02m461 



TABLE G3 





Study Parti 




Treatment Pair 


Treatment Pair 


Treatment Pair 


120KEDLA AB 


nOKEDLA AB 


120KEDLA AB 


0.625% 0S% 


1.25% 0.5% 


2.5% 0.5% 


N«6 




N-6 



Time to Onset of Analgesia (•»•/. anesthesia) 



S30min 

>1:S 2h 
>2i 3h 

>6h 



0 ' 
. 0 
0 
0 
0 

3(50%) 



4(67%) 
2(33%) 

0 

0 

0 

0 



Number (%) Subjects 

t(U%) 8(89%) 
0 0 
0 0 
0 0 ' 

1 (11%) 0 

4(44%) 1(11%) 



0 
0 

. 0 
0 

1(17%) 
5(83%) 



6(100%) 
0 
0 
0 
0 
0 





* Stndy Parti 






Treatment Pair 


Treatment Pair. 


Treatment Pair 


Treatment Pair 


40KEDLA AB 


40KEDLA AB 


40KEDLA AB 


4dK£DLA AB • 


0J12% 03% 


0.625% 03% 


1^% 03% 


23% 03%- 


■ N«4 


N«6 


N«3 


N«3 



f 30min 
> 30 min £ Ih 
2h 

•>2i 3Ii 
>3^ 6h 
>6h 



' 0 


I 03%) 


1(17%) 


0 


2(67%) 


0 


0 


0 


1 (17%) 


0 


0 


2(33%) 


1 (33%) 


0 


1 (17%) 


2(67%) 


. 0. 


1 (17%) 



Number (%) Subjects 



3 (50%) 
3.(50%) 

0 

0 

0 

0 



1 (33%) 
i (33%) 
0 

I (33%) 
0 
0 



3(100%) 
0 
0 
0 
0 

a 



0 
0 

I (33%) 
1 (33%) 
1 (33%) 
0 



1(33%) 
2(67%) 

0 

0 

. 0 ■ 
0 



' i20KBBLA 

• . , • 1^% 

N»3 

.Tine to Onset of Analgesia (-4^- anesthesia) 



Study Part 2 

120KIDLA 
.1.25% . 
N«3 



Treatment Pair 
40KEDLA 40KIDLA 
1.25% * 1^% 



^ 30 min 
>30min:$ Ih 
:il5 2h 
>2^ 3h 
>3^ 6h 
>6h 



Number (%) Subjects 
0 0 

0 2(33%) 

0 1 (17%) 

0 2(33%) 

0 1(17%) 
0 0 



0 
0 

.1(17%) 
I (17%) 
203%) 
0 



Note: Columns resulting in fewer than 100% of subjects repiesented were due to unsuccessful sensory blocks (subiects had noT 
experienced analgesia (with or without anesthesia)). - 
Vmalgesia^subjccts who felt 2/3 or 3/3 phipricks as touch/pressure. Anesd»sia«subjects who felt 0/3 pinpricks. 
TTie 40K BDLA and 40K IPLA gioups comprised 6 sutjects who received H)LA in one foot and IDLA in the other. 



Duration of analgesia was defined as the time between oinset of analgesia (witti or 
wifliout anesfliesia) and time when tfaeie was a return of sensation of sharpness to pinpricks. 
Subjects returned to the study site approximately every 24 hours post-injection for pinmck 
testing by the evaluator untn the offiet of sensory blockade was determined. Assessments 
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were performed once every 12 hours until the offset of block, and once eveiy 24 hours 
fliereafler for a totol of 14 days, regardless of offset Across doses, duration of block 
(analgesia with or without anesthesia) was longer for 40K EDLA compared to AB (40K 
EDLA « 2.3 days vs AB « 0.5 days), and was shorter ttan diat observed for 1 20K EDLA (2.8 
days). Duration of analgesia was longer for 1.25% 40K EDLA than for 1.25% 12pK EDLA 
(3.1 days vs l.7days), and both formulations had longer duration than the reference drug 
(from 0.2 to 0.6 days). Table G4 summarizes these results. 

A longer mean duration of sensory block was observed for the 1.25% and 2.5% 
poncentrations of .40KEDLA (3 rhL) compared to the lower concentrations (0.312% = 1.2 
days; 0.625% » 2.3 days; 1.25% = 3.1 days; 2.5% « 2.5 days; see Figures Gl and 02), The 
2.5% concentration of I20fc EDLA resulted in the longest mean duration of block (4.2 d^). . 
Duration of sensory block for individual subjects receiving 120K EDLA was prolonged. Six 

(6) subjects who received 1.25% and 2.5%120K EDLA had not experienced retum of normal 

* ■ - ' • ■■ .1 

sensation by study Day 14. 

Duration of analgesia was longer for 1.25% 40K EDLA (3 mL) compared to 1.25% 
40K IDLA (2.1 days vs 0.6 days, respectively). As shown in Figure G3, the mean pmprick 
scores 8howe4 40K EDLA set up fester than 40K IDLA (2 hours vs 3 hours) and lasted 
considerably longer (day 3 vs hour 12). Duration of block for 40K IDLA and AB (across 
dose9 for 40K/AB titeatment pairs), was similar (range, 0.1 - 0.8 days vs 02 - 0.8. days, 
respectively). 
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TABLE G4 

Duration of Analgesia (with or without anesthesia)' (Mean and Range ( -fZ-SE)) 

study Parti 





Treatment Pair 
120KEDLA AB 
0.625% 03% 

N=6 


Treatment Pair 
120K AB 
EDLA 1.25 03% 
% 


Treatment Pair 
120K AB 
EDLA 0.5% 
23% 

1^=6 


Durotion (days) 
Mean 
(SO . 
Range 


2.1 OA 
(1.1) (0.1) 
0.7,4.2 0.4.0.7 


1 1.7 0.6 
(03) (0.1) 

1 0.1.33 0.2.13 


4.2 03 
(2.3) (0.1) 
0.13.9 0.2,03 


TrtfltmentPaIr 
40KEDLA Afi 
0312% 03% 


Study Parti 
. TreatBaentPair 
40KEDLA AB 
0.625% 03% 


Treatment Pair 
40KEDLA AB 
135% 03% 
N=3 


Treatment Pair 
40KEDLA AB 
23% 03% 


. Duration (days) 

* Meui' 13 0.6 
m (03) (0.1) 
IUi«c 03.1.9 .0^03 


23 03 3.1 0.2 2.5 0.8. 
(03) . (0.03) (0.6) (0.1) (1.7) (0.03) 
13, X7 03.04 23.43 03.0.4 6.1.53 0.7.03 




Study Part 2 

120KKDLA 120KIDLA 
135% 135% 
N»3 I'M 


Treatment Patr**, • 
4QK£DLA 40KIDLA 
1.25% 1.25% 
N=«6 


Daratioii (days) 
Mean 
(SB) 

Range 


0 0 
(0) (0) 

0 0 


2.1 0.6 
(03) (0.1) 
0.02,33 0.3,03 



Note: Columns resulting in fewer than 100% of subjects represented were due to onsuccessfiil sensoty Uodks (sulgects had not 
experienced analgesia (wither without anesOiesia)). . ' 

' Viaalgesia»subject8 who felt 2/3 or 3/3 pinpricks as toudiTpressure; Anestbcsta^CT'bjects who fblt 0/3 pispridca. 
nlie 40K EDLA and 40K IDLA groups comprised 6 sutjcets who received ODIA in one foot and TOLA in (he other. 



Incidence Of Analgesia With Or WIthont Anesthesia 

hi evaluating incidence of analgesia (with or wittiout anesOiesia). sensoiy block was 
rated as analgesia if the subject reported feeling 2 3 of the pinpricks as touch/piessuie. 
Soisoiy block was rated as anesthesia if fiie subject reported no sensation in lesponse to 
pinprick. The number (%) of subjects who experieaiced analgesia at any time point was 
calculated. 

Across 40K EDLA' concentrations. Ae incidences of analgesia and anesfiiesia were 
similar for EDLA and AB (analgesia « 100%, and anesttiesia = 93% for both 40 EDLA and 
AB). The incidence of analgesia* and anesthesia was more reliable for 40K EDIA. 
Analgesia with or without anesfliesia occurred in 100% vs 67% of subjects for 40K vs 120K 
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EDLA, respectively. Anesthesia occurred in 100% vs 22% of subjects for 40K vs 120K 
EDI^ respectively.. These results are shown in-Table G5. 

TABLE G5 



. Incidence of Analgesia (with or without anesthesia)' 

study Parti - 120K £DLA 





Treatment Pair ' 
EDLA AB 
0^5% 03% 
PW 


Treatment Pair 
EDLA AB 
1.25% 03% 
N-9 


Treatment Pair 
. EDLA AB 
23% . 03% 


Analgesia 
(4Aanesthcsia)^ 

Anesthesia^. 


3 5(100%) 
(50%) 

(17%) (83%) 


Number (%) Subjects 
6 9(100%) 

(67%). 

2-8 
(22%) (89%) 


6(100%) 6(100%) 

5 6 
(83%) (100%) 




Treot|neQt Pair * 
EdLA { AB 
. 0312% ' 0^% 


Study Part 1-40K EDI 
Treatment Pair 
EDLA AB 
0,62S% 0.5% 


Treatment Pair ' 
EDLA AB 
1.25% .03% . 
N«3 . 


Treatment Pair 
EDLA AB 
23% 0.5% 


Analgesia* 
(^-anesthesia)' 

Anesthesia^ 


3 (100%) 3 (100%) 

2 3 (10(y%) 
(67%) 


•Number (%) Subjects 
6(100%) 6(100%) 1 3(100%) 3(100%) 

16(100%) 5 13(100%) 3(100%) 
I- (83%) 1 


j 3(100%) 3(100%) 
3(100%) 3(100%) 




Stii4yPart2 -EDLA/H 
120KEDLA 120Kn>LA 

N«3 . N»3 


)LA 

Treatment Fair* 
' 40KEDLA 40KIDLA 
1.25% 1.25% 


AnalgoSa • 
(•iy-anesthcsia)P 

Aribsthesia^ 


... Number (%) Subjects 

0 0 1.6 .4 

.1 (100%) (67%) 

. ° 1 « 4 ' 
I (100%) .(«7%) 



Subjects felt 2 or 3 of the 3 pinpricks as touch^ressure. or 1 as touch/^essure and 1 as sharp. 
'Subjects had not felt any of 3 pinpricks 

•The 40K EDLA and 40K IDLA groups comprised the same 6 subjects .who received EDLA in one foot and IDLA in the 
. opier. ' • , ' ' . ' 



The incidence of analgesia with or without anesthesia was reliable across 40K EDLA 
dose groups, occurring in 100% of all subjects and all dose groups. Anesthesia occurred in 
67% of blocks for the 0.312% concentration, vs 100% for all other 40K EDLA 
concentrations) (see Table G5).^ The 120K formulation was less consistent across doses, with 
analgesia occurring in 100% of blocks with the 2.5% concentration vs 67% for 1 .25%, and 
50% for 0.625%. Anesthesia also less frequent, occurring in 83% of blodcs for flie 2.5% 
12bK EDLA concentration, vs 22%. for 1.25%, and 17% for 0.625%). Analgesia with or 
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without anesthesia occuned m 100% vs 67% of subjects for 40K EDLA and 40IC IDLA, 
respectively; anesthesia occuned at the same rates (100% vs 67% for 40K EDKA and 40K 
IDLA, respectively). 

Onset And Duratfon Of Temperature Perception BlocIL • 

In evaluating the Block of temperatiiie perception (someslfaetic test - onset and 
duration), teinperatuie perception was assessed by a perceived change in temperature when 
the sensoiy blocked ar^as were touched with an alcohol swab. Subjects were instructed to 
answer "yes** if a change in temperature was felt, or "^o** if no change was perceived. The 
answers were converted to a scale of 0-1, with 1= "no" and 0 = "yes". Blocking of 
temperature perception was evaluated once every 12 hours until tiie offset of block, aiul once 
every 24 hours tiiereafter for a total of 14 days, regardless of ofEset. 

Onset was defined as tiie first time at which ttie subject had not felt a change in 
temperature. Offset was defined as a return to baseline values* for the somestfaetic test As 
shown in Table G^-Part 1, across doses, onset of temperature perception block was earlier for 
r40K EDLA than for 120K EDLA (80% of blocks set up at or before hour 6) compared to that 
observed for 120K EDLA (48% set up later than 6 hours, and 48% failed to set up). Onset of 
temperature perception block was earlier for 1.25% 40K EDLA compared to 1.25% 120K 
EDLA (t^ 6h in 100% for 40K EDLA vs 1 l%.for 120K EDLA. Both formulations had later 
onset flian AB, which set up in <1 hour for 100% of blocks (see Figure G4). 

Onset of temperature perception ^ hours was observed inpre reliably with higher 
concentrations of 40K EDLA. (0.625% = 67% , 1.25% « 67%, 2.5% = and 67%). No 
blockade of temperature perception was observed within 3 hours for the lowest cohcentratioh 
(0.312%) of 40K EDLA or for any concentration of 120K EDLA (see Table G6-Part 1). 

Results for iemperatqie perception block were consistent with those for analgesia; 
onset of block ^ 1 hour occuned more reliably for 40K EDLA ^^40K IDLA (40K EDLA = 
33%,.and 4dK iDLA = 0% (Table G6-Part 2). As shown m Figure GS. the mean scores.for 
temperature perception block showed 1.25% 40K EpLA set up fester tiian 1.25% 40k IDLA 
and lasted longer. 
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TABLE G6 
Onset' of Temperature Perception Block 





120KEDLA 


AB 


IZOK EDLA 


AB 


120KEDLA 


AB 






03% 




03% 












N=9 








Tiine lo Onset of Temperftture Pe(cq)tion Block 
















Number (%) Subjecis 






^ 3D rain 


0 


3(50%) 


I (11%) 


8(89%) 


0 


6(100%) 


> 30 nnn :S lb 


0 


3(50%) 


0 


0 ' 


0 


0 . 


>I £2h 


• 0 


0 


0 


0 


0 


0 




0 


0 


• 0 


0 


0 


0 . 


>3s6h 


0 


0 


0 


0 


0 


0 . 


>6h 


3(50%) 


0 


2(22%) 


l(U%) 


5(83%) 


• 0 



40KEDLA AB 


40KEDLA AB 


40KEDLA AB 


40KEDLA AB 


0312% 03% 


0.625% 03% 


1.25% 03% 


2.5% 03% 


N=3 


N=6 


N=3 


N«3 



Time to Onset of Temperature Perception Block 



^ 30ixiih 
> 30 nun :S Ih 
>I 22h 
>2 £3h 
>3£6h 
>6b 



0 
0 
0 
0 

1 (33%) 
2(d7%) 



1 (33%) 
2(67%) 

0 

0 

0 

0 



I (17%) 
0 . 
2(33%) 
1(17%) 
I (17%) 
I 07%) 



Number (%) Subjects 



2(33%) 
4(67%) 
0 
0 
0 
0 



0 

I (33%) 
, 0 

I (33%) 
1 (33%) 
0 



.2(67%) 
1 (33%) 
0 
0 
0 
0 



. 0 
0 
0 

2(67%) 
1 (33%) 
0 



1 (33%) 
2(67%) 

0 

0 

0 
• 0 



120K£nLA 
1^% 



Study Part 2 
nOKIDLA 
1.25% 
N«3 



40KEDI;A 
1.25%. 
N»6** 



40KID1A 

1.25% 
. f'N6 



Time, to Onset of Temperatun Poception Block 



2 30niin 
>30min !Slh 
>i !S2h 
>2^3h 
>3 jS6h' 
>6b 



0 
0 

1(33%) 
0 
0 

1 (33%) 



Number (%) Subjects 

0 1(17%) 

0 1 (17%) 

0 1 (17%) 

0 . 1(17%) 

0 1 (17%) 

0 I , 1(17%) 



0 

-0 
1 (17%) 
1 (17%) 
2(33%) 
0 



'Refers to only those subjects who had suecesslUl sensory blocks. 
>rhe 40K EDLA and 40K n)LA groups comprised the same'6 subjects who lecdved EDLA in one fbot and IDLA in the 



hi evaluating Duration of Temperature Perception* Block, duration of temperature 
. perception block was defined as the time between onset of block in response to cold and the 
time when there was a return of a sensation of cold. The results of the duration of 
Temperature Perception Block are summarized in Table G7. Across doses, duration of 
temperature perception block was longer for 40K EDLA compared to AB (3.2 days compared 
to 0.5 days, respectively), and. compared to 120K EDLA (L4 days). The duration of 
temperature perception block was longer for 40K EDLA compared to 120K EDLA (40K 
EDLA = 3.2 days; 120K EDLA = 1,4 days). Duration of temperature perception block was 
longer for higher vs lower concentrations of 40K EDLA (0.312% = 1.2 days; 0.625% = 2.3 
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days; 1.25% » 3.2 days; 2.5% » 4.2 days). The mean duration was loiiger for 40K EDLA 
compared to 40K IDLA (1.4 days ys 0.5 days, respectively). Duration of block tot 40K IDLA 
was similar to that observed for AB (0.5 days vs 0.2 r- 0.8 days for AB). . 

TABLEG7 

buratlon*ofTemperature Perception Block ' 



Study Parti 





Treatment 


Pair 


IVeatmentPair 




Treatment Pair' 




120KEDLA 


AB 


nOKEDLA 


AB 




t20K 


AB 




0.625% 


0J% 


.105%' 


0.5% 




EDLA 


0.5% 














2S% 






N«6 






N»9 ' 




N«6 




Diinti(m(days) 
















Mean 


1.9 


0.4 


1.4 


1.0 




U 


0.4; 


(SB) 


(U) 


(0.1) 


(0.7) . 






(0.5) 


(0.1) 


Rflngp 


0.7.4.2 • 


0.1,0.7 


03,2.8 


0.2,5.8 




0.0,2.4 


0.0,0.8 



treatment Pair 
. 40KEDLA AB 

0312% . 05% 


• Study Part] 
Treatment Pair 
40KEDLA AB 
0.625% 03% 
N-6 


Treatment Pair 
40KEDLA AB 
1.25% 03% 


Treatment Pair 
40KEDLA AB 
23% 0.5% . . 

rw 


Duratum (days) 

Mean 1.2 03 
(SB) (0.5) ' (0.1) 
Ranse 03,1.9 0.1,0.4 


23 0.5 
(0^) ' (0.1) 
1.7,2.7 0.2,0.7 


3.2 0.4 
XI, 5.0 0.2,0.7 


4.2 0.8 
(0.6) (0.03) 
2.9,4.9 0.7,0.8 


• • StudyPflrt2 

120KEDLA UOK'IDLA 
1,25% 1.25% 


T^CmentPflir 

40k£DLA 40Kn>tA 

1.25% 1.25% 


Duration (days) 

Mean 0.9* 0 
(SB) (0.8) 0 
Range • 0,1,1.7-* 0 


lA 03 
(03) (0.2), 
0,3.2 0.1,0.8 



'"Reto to only those sidgecls who had successfblteiiq>eraturepeiceptionl^ . , 

^The 40K EDLA and 40K IDLA groups comprised the same I sobjects who received BDLA in one foot and IDLA in the 
ottier. 



Degree Of Numbness 

Numbness was evaluated by the parameter, Degree of numbness, defined as the 

distribution of numbness rating$ at each time point, and was based on an 11-point verbal 

rating scale; 0 = not numb at all and 10 = totally numb. Subjects were asfeed to rate their 

degree of numbness following touch to flie sensory blocked areas on the top of the foot 

Degree of numbness was evaluated once every 12 hours until .the of&et of block, and once 

every 24 hours thereafter for a total of 14 days, regardless of of&et. 
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As shown in Figure G6, the 40K fohnulation of EDLA demonstrated a greater degree 
of numbness compared to 120K EDLA. Across 40K EDLA doses^.the mean peak numbness 
score post-injection was 8.2, compared to 2.4 for 120K EDLA. . Mean peak numbness 
occurred at 12 hours following injection for both 40K EDLA and 120K EDLA.. The 
comparable level of numbness for AB (inean score, 8.6) occurred 2 hours post-injection. 

Within the 40K EDLA group, the highest mean numbness scores and the time of peak 
numbness for each concentration were as follows; 0.312% = 7.7 at Hour 12; 0.625% = 7.5 at 
Hour 12; 1.25% = 10 at Hour 6; and 2.5% = 9.3 on Day 2; Within the 120K EDLA group, 
flie highest mean numbness scores and fee time of peak numbness for ^ach concentration 
were as fojlows: 0.625%. « 1.8 oh Day 2; 1.25% =» 2.8 at Hour 12; 2:5% « 3.7 on Day 3. The 
peak numbness scores fqr 40K EDLA and 40K IDLA were markedly different The mean 
peak numbness score for 1.25% 40K EDLA was 9 and occurred on Day 2, compared to 4,8 , 
for 40K IDLA, which occurred 6 hours post-injection (Figure 07). 

Number m Of Unsuccessfnl Sensory Blocka 

In evaluating Perceiit of unsuccessful sensory blocks, die percent of assessments in 
which neither anesthesia . nor analgesia were ' demonstrated was calculated for each 
standardized test, by time-point Across doses (Parts 1 and 2), the rate of unsuocessfiil blocks 
was 0% 40K EDLA and AB. compared to 38% of blocks for 120K EDLA. The rate of 
unsuccessful blocks was lower for 40K EDLA tiian for 40K IDLA (0% vs 33%, 
' respectively). All (100%) of blocks for 120K EDLA and 120KIDLA were unsuccessful, as 
shown in Table 08). 
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TABLE G8 



'Study Parti - 


40KEDLA/AB 




Treatment Pair 


Tk-eatmeatPalr 


Treatment Pair 


120K AB 


UOK AB 


UOK AB 


EKLA 0^%. . 


£DLA 0S% 


EI>LA 05% 


0.^5% 








• N«9 


N«6 



Number (%) Subjects without Analgjesia 
I 3(50%) 0 I 3(33%) 0 





Study Part 1-120KEDLA/AB . 






Treatment Pair 


Treatment Pair 


, Treatment Pair 






40KEDLA AB 


40KEDLA AB 


40KEDLA AB 


40KEDLA 


AB 


0312% 04% 


0^5% 05% 


taSVo 05% 


25% 


05% 






N^3- 


N=3 






Number (%) Subjects wittout Analgesia 






0. 0 


1 0 0 


1 0 0 


0 


0 



Study Part 2 EDLA/n>LA 





Treatment Pair 


nOKEDLA 
N»3 


120KIDLA 
1.25% 


40KEDLA 40KIDLA 
1.25% 1.25% • 



Number (%) Subjects without Anal^a 
3(100%) 3(100%) 



2 (33%) 



"Subjects felt 2 or 3 ofdie 3 of the pinpriclcs as shaip (unsuccessfkd sensoiy blw^^ 

hrhe40KBDlA and40K]DI^gioiqi6 convrised thesame68iibjw^ inone foot and IDLA in the 

ottier. . . 



Pharmacoldnetics/Pharmacodvnamic Meausiires 

In evaluating Pharmacokinetics/Pharmacodynanuc Measiues, subjects had blood 
drawn pre-dose (baseline),. 3 s^d 6 hours post^njection and approximately every 24 hours, 
until the offset of the block wa$ determined. Plasma bupivacaine and dexamethasone 
concentrations over time were determined for 120K EDLA and 120K EDLA. Dexamethasone 
and bupivacaine concentrations, were determined using liquid chromatography with MS-MS 
detection technique. The calibration ranged from 50.0 to 6400 pg/rnL for dexamethasone and 
S.OO tp 640 ng/mL for bupivacaine, where the limit of quantitation (LOQ) was 50.0 pg/mL 
fof dexametiuisonet and 5.00 ng/mL for bupivacaine. 

The results showed plasma bupivacaine and dexamethasone concentrations were 
below the linuts of detection for the assay (5.0, ng/mL for bupivacaine and 50.0 pg/mL for 
dexamethasone, data not shown). 
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Patn On Injection. 

Mean pain on injection scores are presented in Table G9. Witii respect to pam on 
injection scores, the 120K BDLA groups appeared to experience slightly mote pain upon 
injection when compaiied with AB and 120K IDLA (average scores ranging from 3.8 to 5.7 
for 120K BDLA; 3.8 to 4.7 for AB; 2.7 was &e average score for the 120K IDLA group). 
This effect was not evident in the 40K BDLA groups versus their active controls or versus 
40KroLA. 



TABLEG9 
Pain on Injection Scores' (Mean (H-SE)) 



study Part 1 



120KEDIA 


AB 


nOKEDLA 


AB 


nOKEDLA 


AB 


0.(i2S% 


0.5% 


1.25% 


0.5% 


23% 


0.5% 














Pain on injection (mean [SE]) 












5.7(0.6) 


3.8(0.5) 


5.1(0.9) 


4.7(0.8) 


4.6(1.2) 


3.8(1.2). 



Study Parti 



40KEDIA AB 


40KEDX^ AB03% 


40KEDLA ;AB0.5% 


40KEDLA AB03% 


0312% . 03% 


0.625% 


1.25% 


23% . 




'N»6 


N-3 * 


N-3 



* 23(1.2) 2.3 (0.9) 



3.7(0.6) 4.5(0,8) 



3.0(1.2) 1.0(1.0) 



0.7(0.7) 3.7(0.3) 



Study Part 2 



120KEDLA 


.120KID1A 


40K EDLA 


40KIDLA 


1.25% 


. . iJS% 


1.25% 


1.25% 


N=3 


N-3 






Patn on injectidn (mean [SG 


1) . 






4.0 


2.7 


3.2 


■ ' 3.5 


(2.0) 


(0.3) 


(1.0) 


(0.6) 



* During.each injection of (he superficial peroneal nerve, the subject was asked to evaluate the pain of the injection (not 
' needle insertion) using an 1 1-point veijbal rating scale where 0«no pain and lO^pain as bad as you can imagine. 
The 40K EDLA and 40K IDLA groups conqizised the same 6 sulyects who rw 



other. 



Conclustons 

In general^ EDIA had a longer onset and duration of action than 0.5% AB, both in 
terms of analgesia (with or without anesthesia) and temperature peiceptibn block. 
Dexamethasone was effective in prolonging the action of BDLA; IDLA generally had a 
duration of action similar to AB. The 40K EDLA formulation, especially in concentrations 
of 1.25% and 2.5%, appeared to be a safe and effective method of producing local analgesia 
of extended duratioa 
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Example H 

The Effidacv Of 40KEa>LA Ad mtntetered As A Peripheral Nerve 

* .* * ' • . ■ 

Block Bor Post-Opcrative Analgesia gollowtng Pediatric Surgery 

A double blind, randomized, dose-ranging study evaluated doses of 40 Idlodaltons (K) 
Extended Duration Local Anesthetic (EDLA) to achieve an analgesic block post-operatively lasting 
ftree to five days. Each patient who participated in the study was scheduled to undergo unilateral 
pediatric surgery (bunio^iectomy with single osteotomy). Patients were administered a peripheral 
nerve block (Mayo Block) with 18 milliliters (mL) of aqueous bupivacaine 0.5% (90 milligrams 
(mg)) for surgical anesthesia. At tibe end of surgery, patients were randomized to receive an 
additional anesthetic block, using 18 mL of 40K EDLA 0.625%, 1.25%, or 2.5% (81 mg, 162 mg, or 
324 mg bupivacaine respectively), or 18 mL of normal saline for injection (placebo). After surgeiy, 
all patients received a prescription for hydrocodone 5 mg/500 mg acetaminophen (APAP'(Lortab)) to 
be taken every four hours as needed for post-operatiye pain relief. 

The duration of the study was approximately 6 days (+/- 1 day). Follow-up evaluations were 
required at 14 days (+/- 2 days), three months (+/- 2 weeks) and a long-tenn follow up at six monfts 
(+A 2 weelcs) post suigety. in addition, the patient was contacted by telephone evety day fiom day 1 
until ftaday 6 evaluation and again at 6 weeks (+/- 1 week) post-surgery. 

A specified amount of diluent was added to the vials containing 1 00 mg 40K EDLA 
microsphere (72% by weight of bupivacaine and 0.04% dexamethasone) powder to yield a specific 
microsphere concentration, as shown in Table HI below: 



Table HI 



mL of DUuent Added 


CoDcentnitloii (%) 


Microspheres (me/mL) 


. 16 


0.625 


6.2 


a 


L25 


12.5 


4 


2.5 


25.0 



Baseline evaluations/procedures that were performed 6n the same day and prior to the 
' patient's surg^ included baseline pain score (on a 0*10 scale) and degree of numbness assessments. 

Prior to pediatric surgeiy (bunionectomy with single osteotomy), all patients were 
administered a peripheral nerve block (Mayo Block) with 1 8mL of 0.5% aqueous bupivacaine for 
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surgical anesthesia. Additional 0.5% aqueous bupivacaine, up to 10 mL, were administered intra- 
operatively for additional anesthesia if necessary. 

After wound closure, the patients were administered an additional block using 1 8 mL of 
Noimal Saline for Injection as a control or 1 8 mL 40K EDLA 0.625%, 1 .25%, or 2.5%. The post- 
operative Mayo Block was administered in the same manner and technique as the pre>operative 
Mayo Block. 

After surgery, all patients received instmctions on standard post-operative care, as well as 
instmcdons on recording results of efGcac^ evaluations. The evaluator perfonned the initial 1-hour 
. post-operative evaluations. With the evaluator's help, the patient performed the second evaluation at 
the time of discharge and recorded tiie results.. 

Patients instnicted to complete the evaluations every d^^ . 
visit on Day 6. Hie patient perfonned Oe pain scores based on a 0-10 sciale twice a day; once upon 
awakening and again prior to going to bed with additional pai|i scores perfonned prior to taldng 
rescue pain medication (including wakmg up at night due topain - "Quality of Sleep"). They also 
• recorded Quality of Pain Assisssment (tiie type of pain over the last 24 hoiirs) prior to going to bed 
every evening and recorded the ixumber of tablets of rescue pain medication taken and the times it 
was taten. All patients were required to return to the site at 6 days post-surgery for post-operative 
pain assessments (Pain Score and Quality of Pain) and die degree of numbness. 

. Efficacv 

Evaluation/procedures iticluded Pam Scores, Pain Intensity (Quality of Pain), Quality of 
Sleep, Pegree of Numbness, and Rescue pain Medication 

Patn Scores 

Pain Scores based on a 0-10 scale were measured twice a day (morning and evening), and 
prior to taking rescue pain medication. The patient was asked to assess the degree of post-operative 
pain by looking at a horizontal 1 1 point scale and circling the number that best described his/her pain 
.(0 - no pain, and 10 - pain as bad as can be imagined). , 
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The mean daily pain scoies showed fliat fhere were differences between treatment with 1 .25% 
and 2.5% EDLA concentrations in comparison with placebo. These diffezences were most evident in 
the first two days post-operatively.- 

** . • 

Time to First Pain 

Patients were instructed to record the time to first pain greater than 3, using the 0-10 scale 
discussed above. EDLA at 1.25% and 2.5% showed efficacy in human patients, delaying the. 
perception of pain for at least 1 day. As shown in Figure Hi; the formulations also exhibited a dose 
response relationship for median time to first pain >3 for EDLA at. 1.25% and 2.5% of approximately 
21 hours and 43 hours» respectively. 

Prin Intensity fOnalltv of Patn^ 

Pain Intensity (Quality of Pain) was measured at die end of each day. The patient was asked 
to assess the quality of pain he/sbe experienced during the past 24 hours by rating the pain level with 
each of the following adjectives on a scale of 0-3 (0 = none; 1 ~ mild; 2 = moderate; and 3 - severe: 
throbbing, shooting, stabbing, sharp, cramping, gnawing, hot-buming, aching, heavy, tmider, 
splitting, tiring-exhausting, sickening, fearful, and punishing-cruel. 

Quality of Sleep 

Quality of Sleep was measured. The patient was asked to. record the number of times he/she 
awoke during ttie lu^t to take rescue pain medication. If tte patient awoke due to pain, he/she 
recorded the time, pain score (0-10 scale) assessment, and the. number of tablets of rescue pain 
medication taken. There was no significant difference between tieatments in die number of ni^t 
awakenings due to pain. 

Degree of Numbness 

Degree of Numbness (to die touch) was measured twice a day {morning and evening). The 
patient wais asked to determine the degree of numbness of the blocked area. The patient was asked to 
touch the area on top of the operative foot using the index finger and rate the degree numbness based 
on an 1 1 point scale (0.« not numb at all; 10 = totally numb). 
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Rescue Pain Medication 

Rescue Pain Medication was measured. All patients received a prescription for 40 tablets of 
Lortab to be taken for post-operative breakthrough pain. The patient was instructed to take 1-2. 
tablets every 4 hours as needed - only when post-operative pain becomes uncomfortable, not in 
anticipation of pain. The patient was instructed to record the level of pain (pain scores based on a 0- 
10 scale) prior to taking the medication and to record the pain score together with time and nuniber 
of tablets taken. 

. The' total rescue dose (total number of rescue tablets used) was statistically different for all 
doses of EDLA in comparison witK placebo, wifli Ifae 2.5% EDLA formulation showing greatest 
eCRcacy. The time to first use of rescue medication also demonstrates efficacy. As shown in Figure 
H2, a dose response relationship for the time to first use of rescue was observed, with the rank order 
of efficacy being 2.5% > U5% > 0.625% EDLA > placebo. . 

Example I 

. Safetv Evaluations 

Studies were performed to assess the potential for Extended Duraidoji Local 
Anesthetic (EDLA) to cause tissue irritation as well as to assess the safety and etiology of 
delayed onset swelling/induration following subcutaneous injection. The formulations were 
shown to be safe. 

The injected medications used in these studies included 120K .JEDLA at 
concentrations of 1.25%. 2.5% and 5.0%, 120K IDLA at concentration of 1.25%, and 
aqueous bupivacaine at concentrations of 0.25% and 0.5%. These studies also included two 
placebo injections: 1) empty microspheres (concentration gf 1.25%) suspended in diluent 
(without bupivacaine) to separate out any effects due to the microspheres themselves, and 2) 
injections with only the diluent to study the effects of the diluent 

AH injections (0.2 or 6 milliliters (mL)) were administered subcutaneously to the 
volar surfaces of flie arm. The actual dose of active drugs in milligiams (mg> administered 
per mL is shown in Table II below. 
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TABLEU 
Doses of Active Drugs . 



INJECTION 


ACTIVE DRUG ADMINISTERED PER luL 


120KBDLA1.25% 


9.38 mg bupivacaine 


120KEDLA2,5% 


18.75 mg bupivacaine 


120KBDLA5.0% 


37.50 ms bupivacaine 


120KIDLAL2S% 


9 J8 me bupivacaine 


Aqueous Buptvacaine 0.25% 


2.5 mg- bupivacaine 


Aqiieoiis Bupivacaine 0.5% 


5.0 mg bupivacaine 



*The two placebo injections (Empty Microspheres 1.25% and diluent c^iy) contained no 



bupivacaine. 

Safety' evaluations included Adverse Bvents and Localized Response to injections. 

Safety Evaliialioii 

1. Sunuxiaiy of Adverse Events . 
. Six subjects ' (37:5%) reported 8 adverse events of which 6 were considered to i3e 
study medication related. The niost common adverse events Were itching and burning that 
were defined as pruritus and pam, respectively. There were 2 adverse events that were not 
related to medication. 

The adverse events of pain (bxim) was rej)orted by 2 subjects (Nos. 1,13) and 
included sites that received empty microspheres, and 0.25% and 0.5% EDLA. Pruritos was 
observed in Subject No. 15 . and appeared at 5 of tiie 7 sites, including the 3 EDLA 
concentrations, aqueous bupivacaine 0.5%, and diluent sites. 

No clinically significant change^ in vital signs were recorded at any time during die 
studijes. There were no serious adverse events or deadis. 

Localized Response to Inlection / . * • 

. , Pain on injection as measured in fliis study did not result in a clear differentiation 
betwem treatments. However, (he 3 EDLA concentrations provided the highest percent of 
sites widi a pain** category, 15 of die 16 subjects (87.5%) with fiiis response compared to 
3 of 16sisbjects (18.8%) for 0.5% Aq. Bupivacame. 

*' 233 ■ ' 
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No pattern was observed for skin color change which was variably recorded as 
ranging from 25% to 64% at the 7 injection sites. A return to nonnal for 80% or more of the 
sites was recoided by 24 to 36 hours. The area of skin color (in mm) did not differ between 
treatment sites wifli an initial area ranging from lO to 14 ram among the 7 test sites. The area 
of discoloration then noticeably diminished by 3 hours to a range from 2 to 6 mm. 

Elevation of a wheal at the injection site was noted as "raised" at most of the sites at 
15 minutes after injection, which theti resolved to none for ttie great majority at 3 to 6 hours.. 
The incidence of elevations was not as frequent for the 2 aqueous bupivacaine injections, 
alOiough the diluent alone was zaised in 813% of the sites. This effect is most likely due to 
the physiological properties of bupivacaine. The empty microspheres and the 3 BDLA 
concentratioiis raised in 75% or more of fteir test sites. 

Localized reactions of itching, burning, swelling, ete. were infrequent wife 3 reports 
of burning and 3 reports of itohing. The 3 bum sensations were reported for empty 
microspheres and 2:5% and 5.0% EDLA. The 3 itehing refuses were reported for diluent 
and twice for the 1.25% BDLA. 

The above summaiy provides a benign safety profile for the EDLA iryections at these 
concentrations iri a tissue irritation study. The response to EDLA was not different from that 
seen for diluent, empty microspheres or the 2 aqueous bupivacaine concentrations. The 
results indicate no dermal or intradermal tissue initation reactions to EDLA injections at 
these volumes and concentrations. . 

Special . Safety variables assessed delayed onset swelling/induration, which was 
defined as induration or swelling which occurred within or near the site of injection, 
approximatety 5 or more days following injection, and following resolution of any irnmediate 
post-injection swelling due to drug volume and/or needle (mechanical) irritation. All 
injection sites that developed delayed onset swelling/induration were biopsied and flie tissue 
examined histologically. A total of 10 biopsies wrae performed, 5 of which were bilateral. 
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Results of Histological Examtnation 
Tissue Reaction 

Tissue/cellular reactions (e.g., abscess, fibrosis, necrosis, and neovascularization) 
were pharacterized by classifying and quantifying the cells (e.g., eosinophils, fibroblasts, 
foxeign body giant cells, lymphocytes; macrophages, monocytes, and polymorphonuclear • 
leukocytes) found at Ae tissucAnicrosphere intetface and rated as 0 (hone), 1 (minimal), 2 
(mild), 3 (moderate), or 4 (extensive). 

Biopsies fiom all 3 treatments resulted in significant tissue rtoction. Fiffy percent of 
placebo biopsies had atleast some tissue reaction. Biopsies from die IDIA injection sites had 
the greatest percentage of samples showing some (minimal, mild or moderate) tissue reaction 
(64%), followed by biopsies fiom-BDIA injection sites (58%), and tiiose from placebo 
iqection sites (S0%). 

The greatest treatment-specific dififeiences found in the cell types present m the 
biopsies were in the presence of fibroblasts, macrophages and polymorphonuclear leukocytes.* 
Eighty percent of EDLA biopsies received a 'minimal* rating for 'fibroblasts but 9II of the - 
piA samples received *minimar ratings and only one (50%) of the placebo biopsies was 
rated 'minimar. For macrophages, all three IDLA biopsies were rated either *mijd* (33%); or 
•moderate' (67%), while 40% of EDLA samples and 50% of placebo samples were rated 
either 'mild' or 'moderate*. Forty percent of EDLA samples were rated minimal or mild for. 
flie presence of polymorphonuclear leukocytes but all of flie placebo biopsies vvete rated 
'none*. 

Biopsies from all 3 treatments had similar ratings for abscess and necrosis. Ratiiigs for 
fibrosis, were similar, to those observed for fibroblasts: 80% of EDLA biopsies were rated 
mihimal, 100% of IDLA samples were rated minimal and only 50% of placebo samples were 
rated minimal. EDLA and IDLA biopsies also showed slightly more neovascularization than 
did placebo samples. 
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Microsphere Dtsposition and Degradation 

In evaluating Microsphere Disposition/Biodegradation, microspheres were marked as 
present or not If microspheres were present the extent of microsphere biodegradatipn was 
rated as 1) no visually apparent degradation, ?> partial degradation, or 3) extensive 
degradation. 

Microspheres were present in all biopsies with the exception of one EDLA sample. 
The two placebo biopsies showed no apparent degradation of polymer particles while all of 
the midoqpheres in. samples firom IDLA and EDLA injection sites showed partial 
degradation. 

Overall Character of the Tissue Reaction 

• Tht etiologio profile of the tissue reaction was selected fiom among die following 
catagories: 1) acute inflammation, 2) chronic inflammation, 3) granulation tissue, 4) foreign 
body reaction, 5) fibrosis, 6) fibrous capsule, 7) infection, and 8) drug/chemical reaction. 

The tissue reaction, location was indicated as either focal (wiflun the. microsphere 
implant site) or diffuse (outside of ftie microsphere implant site). A.five^int rating scale 
from 0 (none) to 4 (extensive) was again used to- score the reaction. Although biopsies fiom 
IDLA-treated injection sites had the greatest overall tissue reaction, only EDLA samples 
showed tissue reaction outside of ttie microsphere implant site. Three EDLA biopsies had 
diffusie chronic inflammation and 3 had diffiise drug/chemical toxic reaction. No other 
biopsies, fixmi any treatment, had tissue reaction outside the microsphere implant site 
(diffiise). Acute inflammation, granulation tissue and infection were not observed in any of 
the biopsies. With the exception of 1 EDLA biopsy, all biopsies showed chronic 
inflammation. Sixty percent of the EDLA samples had chronic inflammation outside the. 
microsphere implant site (diffuse). Chronic mflammation witiiin the microsphere implant site 
(focal) was observed.for all of the IDLA and placebo biopsies and 20% of EDLA samples. 
The assessments for drag/chemical , toxic reactions were the same as for chronic 
inflammation: 60% of EDLA samples showed diffuse location and all of the EDLA and 
placebo samples showed focal location. A single IDLA biopsy was the only biopsy to have a 
fibrous capsule. Fibrosis and foreign body reactions, when present, were observed only 
witiiin the microsphere implant site. 
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Overall Assessment Rating 

Overall, biopsies fiom EDIA injection sites showed the least tissue reaction, followed 
by biopsies from placeBo injection sites and biopsies fioni lDlA injection sites. None of the 
biopsies were assessed to have granulation tissue or infectiqn. One biopsy from ah EDLA 
injection site was asseissed a mild rating for acute inflanmiatton but all other biopsies wete 
rated as having no acute inflammation. Two of Ifae EDLA biopsies (40%) were rated as 
having moderate chronic inflammation and one (20%) showed no chronic inflammation. The 
remaining Z EDLA biopsies were rated as having minimal or mild chronic iiiflammation, as . 
were all of flie IDLA and Placebo biopsies. One (33%) of the E)LA samples was rated 
minimal for fibrous capsules and all other IDLA, as well as all EDLA and placebo, biopsies 
were rated as having none.. 

Biopsies from all three treatment injection sites showed some foreign body reaction^ 
One EDLA (20%), 2 IDLA (67%) and 1 placelk) (50%) hitpsy were mted moderate for 
foreign body reaction. One EDLA sample (20%) was rated as havmg none and flie remaining 
biopsies were rated as having minimal foreign body reaction. Only a single EDLA biopsy 
(20%) was rated as. having no drug/chemical toxic reaction. All otlwr biopsies had either 
ntiiumal or mild drug/chemical toxic reaction. 

Site With More Significant Tissue Reaction 

None of the IDLA/placebo treatment pairs were biopsied, therefore the only treatment 
pairs that were compared were EDLA/placebo iand EDLA/IDLA. When these treatment pairs 
were analyzed for more significant tissue, no difference was noted in 5L5% of the categories 
for flie EDLA/placebo pairs and in 54.5% of the categories for EDLA/IDLA pairs. However, 
when a difference was noted, the EDLA biopsies were more often selected over the placebo 
pairs (36.4% versus 9.1%), and the ffiLA biopsies were more often selected over the EDLA 
biopsies (33,3% versus 15.2%). The greatest smgle difference noted for the EDLA/placebo 
pahrs was m tiie comparison of neovascularization: ttie EDLA biopsy was selected as the site 
with more significant neovascularization both times. Most notably for the EDLA/IDLA 
treatment paits, 2 of 3 (67%) IDLA biopsies were selected as having more significant 
presence of foreign body gjant cells» lymphocytes^ macrophages and monocyte's. 
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Site with More Significant Microsphere Degradation and Overall Reaction 

Two of 2 (100%) EDLA biopsies weie selected oyer their placebo pairs as having 
more significant degradation and 1 of the 3 (33%) IDLA biopsies was selected over its BDLA 
pair as having more significant ihicrosphere degradation. The other 2 pairs showed no . 
difierence in microsphere degradatioiL . 

Most treatment pairs, when analyzed for overall reaction in 8 classifications, showed 
no difS^ence. : No difierence was rioted in 63% of EDLA/pIacebo pairs and in 54% of 
EDLA/IDLA pairs. When a difference between EDLA and placebo biopsies was apparent, 
EDLA. was selected as having more overall reaction in 31% of tfie reaction classifications, 
and placebo was selected in only 6% of flie cases. Both EDLA samples had more significant 
chronic inflammation than did their placebo partners. Among the EDLA/IDLA pairs, IDLA 
biopsies were selected 33% cmd EDLA 13% of the time^ overall.' IDLA biopsies were 
selected as deinonstcatmg more significant, overall chronic inflammation, drug^chemical toxic 
reaction,andforeignbodyreactionin2of 3 (67%)pairs. - 

Delayed Onset SweUing/induration and Biopsy. Evaluations: Delayed onset 
swelling/induration was observed at more than half (54 percent) of all injection sites but most 
frequently at EDLA injection sites. Bight of 10.(80%) EDLA injection sites showed delayed 
onset 8welling/indurati6n while only 5 of 9 (56%) IDLA injection sites and 2 of 9 (22%) 
placebo injection sites demonstrated delayed' onset swelling/induration. The mean time to 
onset of swelling/induration was similar for all of the treatments, ranging from 28.5 to 30.1 
days. The mean duration of delayed onset swelling/induration for placebo injection sites (70.4 
days) was more than double the mean duration for EDLA (35.0 days) and IDLA (28.1 days) 
injection sites'. The range of duration of swelling/induration was equally broad for EDLA (7- 
64 days) and IDLA (7-60) injection sites but much tighter for placebo injection sites (68-72 
days). The mean for the maximal area of swellin^induration was similar for all treatments. 
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CONCLUSIONS . 

Most adverse events were site-specific and were expected with this formulation. Most 
were mild and resolved without intervention. The relative absence of systemic adverse 
events suggested a safety profile characterized by minimal plasma bupivacaine 
concentrations. There were no systemic advise events at the .6-month follow-up and none of 
the adverse events at 6-m6ntfa follow up was serious or severe. 

Fifty four percent of injection sites developed the delayed onset swelling^duratioii 
that tUs study was principally designed to evaluate. Bight of these received ^DLA, 5 
received IDLA and 2 receiyed placebo. The mean time to delayed onset swellin^induration 
was similar for fiie 3 treatments as was the niean maximal area of swelling/induration. 

Five subjects demonstrating bilateral delayed onset swelliii^itiduration were biopsied, 
yielding 10 biopsies. Five of ih& biopsies were from injection sites that had hem 
admimsteted EDLA, 3 IDLA and 2 placebo* All biopsies exhibited significant tissue reaction 
although IDLA biopsies exhibited the most .and placebo biopsies the least. In the second part 
of the biopsy evaluation biopsy pairs were reunited and comparatively evaluated. When 
EDLA/IDLA biopsies were comparatively evaluated, bi<^8ies from IDLA administiation 
sites were most often selected as having ttss more significant tissue and overall reactioiL 
When EDLA/ placebo biopsies were evaluated, biopsies fironi EDLA administration sites 
were most often selected. Although EDLA treatment resulted in the most delayed onset 
sweUing^duration and biopsies fiom subjects who received IDLA demonstrated the most 
tissue reaction, a significant firaction of subjects who received placebo also developed 
delayed onset swelling/induration. 



239 



wo 02/058670 PCTAJS02/02461 
207,1300 

EXAMPLE J 
Microdialvsis Study 

DURAIN®, also refened to as 40K EDLA ^xtended Duiation Local Analgesic), 
is being investigated as a means of providing long-acting local analgesia for the 
nianagement of acute post-operative/procedural pain by blockade of small nerve endings 
via inffltration, and by bloclaule of selected p^ph^ nexves by pCT^ 
adniinistratlon. 

The product combines bupivacaine fiee base; a local anesthetic of the amide class, 
. and dexamethasone, a synthetic adxenocorticoid included in DUKAJN® solely for its 

observed ability to prolong the duration of action of bupivacaine. The two active 
. ingredients are enccpsiilated in a slightly porous shell composed of polylactic-co-glycolic 
acid poIym^(MW^OkD)ia a 65:35 ratio. 120K EDLA, a previously studied 
formulation, differed firom DURAJN® in that it employed polymer with a molecular 
weight of 120 kb . Biq>ivacaine (free base) comprises ^proximately 72% of total 
microcapsule teass and dexamettiasone comprises 0.04%. Bupiyacaine^Joaded 
micipspheres without dexamethasone are refored to as 40K IDLA (Mtermediate Duration 
Local Analgesic), hi both products, die sterile, ingredient-loaded mictoc£9>sules are 
foiined into a dry powder for storage and shipment When suspended in a specialized . 
aqueous diluent, they fonn a fine suspension, suitable for injection. 

After administration of DURAIN®, the active ingredients diiffuse slowly from the 
microcapsules, which ultimately biodegrade at the injection site. Onset of eflfect (within 
30 to 60 minutes) is significantly later than that observed with aqueous fotms of local 
anesthetics, while duration of effect is significantly longer (up to S days). Because of a 
later onset, longer duration and (intended) reduced density of block, DURAIN® is 
suitable for analgesia rather than anesthesia. 

Microdialysis was used in the evaluation of the subcutaneous administration of 
46k EDLA and Aqueous Bupivacaine to determine the correlation of subcutaneotis tissue 
and plasma bupivacaine and dexamethasone concentrations with local sensory testing. 
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The study was used to detemiine the feasibility of using microdialysis technique to study 
the relationship between local tissue concentiBtions of bupivacaine and dexamethasone 
fiom 40K EDLA and local sensoiy lesponse. In addition, the relationship between local 
tissue concentrations and plasma concentrations of the drugs. The study also investigated 
the feasibility of using non-invasive MRI methods to monitor 40K EDLA microsphere 
disposition over time. The study also explored the feasibility of using LASER Doppler to 
evaluate the effect of 40K EDLA on local blood flow. Local anesthetics generally cause 
cutaneous vasodilation. Measur^entofskin blood flow velocity by LASER Doppler 
was evaluated as a measure of the duration of effect of 40K EDLA. 

A 2-part trial was conducted at a single site. iPart 1 was an open-label, 
randomized parallel group desigti in normal, healthy, young adult, male ax^d fe^e- 
subjects, conducted to.assess the relationship between tissue and plasma 
bupivacaine/dexametfaasone concentrations and local-sensory response. Three groups of 
4 subjects eachiwere i^domly assigned to receive subcutaneous infiltration pf 1 of the 
following 3 treatments: 1 S mL 40K EDLA 2.5% unilaterally in the left calf, IS mL 46k 
EDLA 2.5% bilaterally in both calves; or 15 mL aqueous bupivacaine 0.5% bilaterally in 
both calves. Plasma and local tissue conc^atrations of ffie driig were to be evaluated and 
sensory testing performed at specific intervals on the day of injection, and daily for 3 
additional days. MRI scaiming was used to assess residence tim&and local tissue 
response to microspheres, and LASER Doppler evaluation was xised to dissess local blood 
flow at specified time points. MRI scanxiing would be conducted only on subj ects 
randomized to receive 40KEDLA 2.5%. The core period of Part 1 of the .study (Daysl- 
4) was completed prior to the start of Part 2. 

Part 2 was a double-blind (subject/evaluator), randomized, parallel group trial to 
explore the relationship between dose (volume and concentration) of 40K EDLA and 
sensory response. Two groups of 6 subjects each received either 7.5 mL 40K EDLA 
2.5% m the right calf and 15 mL 40K EDLA 2.5% in the left calt or 15 mL 40KEDLA 
1.25% in the right calf and 15 mL 40K EDLA 2.5% in the left calf Four additional 
subjects were randomized to receive aqueous bupivacaine 0.25% bilaterally in both 
calves. Subjects in this part of the study underwent similar assessments at the same time 
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points as in Part 1 . Tissue and plasma drug concentl:alions were to be measured as in Part 

1. ' . ' . . . • 

Subjects were assessed for 4 days for phaimacodynainic, pharmacok^ 
phannacokinetiC'-pharmacodynamic, and safety variables. Safety follow-up evaluations . 
were conducted at 2 weeks (± 2 days), 6 weeks (± 2 weeks), 3 months, and 6 months postf 
injection. The phiazmacodynamic variables included sensory testing (pii^ 
somesthetic testing, warmth detection threshold, and heat pain detection threshold), skin . 
blood flow assessments using LASER Doppler evaluations, and MRI assessments. The 
primary pharmacokinetic variables included AUCt (area under the plasma or tissue 
concentration time course profile from dosing to last quantifiable concentration), AUCoo 
(are^ under the plasma or tissue concentration time course profile from dosing to mfinity), 
and Cmax(maxunum observed plasma.or tissue concentration)^ Thepharniacokineticr 
phamiacodynamic variables included correlation of subcutaneous tissue and plasma 
bupivacaine cpncentfations with local sensory response. The safety variables, included 
clinical laboratory test^, medical Ustories, vital signs,, physical examinations, . 
electrocardiogram, and adverse events. The study design is summarized in Figure J-1. 

- In Parti of the study, there were 3'diflfercnt treatment grou 

The first treatment group, unilateral IS mL 40K EDLA 2.5%, was ohosen to determme 
the relationship bet>veen local tissue concentrations and plasixm concentre * 
bupivacaine and dexamethasone with 40K EDLA administration, as well as to determine 
the relationship of plasma bupivacaine concentrations to sensory testing and the . 
relationship of tissue bupivacaine concentrations to sensory testing. 

The second treatment group, bilateral 15 .mL 40K EDLA 2,5%, was chosen to compare to 
the pharmacokinetic profile of the first treatment in order to establish the dose- 
proportionality for systemic exposure. In addition, the calf implanted with the 
microdialysis probe was to be used to determine the relationship between local tissue 
conceiitrations of 40K EDLA and sensory testing. The results of sensory testing from the 
calf implanted with the dialysis probe was to be compared to the results obtained from the 
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opposite calf wluch had no dialysis probe in order to determine whether the presence of 
the probe affected, sensory testing. 

The rationale for the third treatment group, bilateral IS mL aqueous buplvacaine 0.5%, 
was sunilar to that for bilateral IS mL 40K EDLA 2.5%. The calf implanted with the 
microdialysis probe was to be used to detennine the relationship between local tissue 
concentrations of biqpivacaine and sensory testing. The results of sensory testing from the 
calf implanted with the dialysis probe was to be compared to the results obtained from the 
opposite calf which had no dialysis probe in order to determine whether the presence of > 
: the probe affected sensory testing. 

For all 3 treatment groups in Part 1, LASER Doppler wa$ used t6 assess changes iii looal 
blood flow to assess the duration of study medication effect. In addition,, all 3 treatment 
' groups ihPart 1 were to be asse^ed to examine the effect of local pH changes o^ 
local release of bi^ivacaine at the sites .where the microdialysis pi:obe was ixnplanted. 
MRI y/as used to evaluate residence time aiid disposition of the micipspiheres over time ' 
only at sites where 40151 roLA 2.5% was injected 

. ** * ' 

hi Part X there were 3 different treatment groups: 

The first treatment groiq), 7.5 mL 40K EDLA 2.5% in the ri^t calf and 15 mL 40K . 
EDLA 2.5% in tiie left calf, was chosen to examine the effect of volume and dose of 40K 
EDLA (while holding concentration constant) on local tissue bupivacaine exposure and 
sensory testing. 

The second treatment group, 15 ufL 40k EDLA 1.25% in the right calf and 15 mL 40K 
BDLA 2.5% in the left calf; was chosen'to examine the effect of dose and concentration 
of 40K EDLA (while holding vbluine constant) on local tissue bupivacaine exposure and 
sensory testing. The 15 niL 40K EDLA 1.25% treatment in this treatment group vm also 
to be compared to the 7.5 mL 40K EDLA 2.5% in the first treatment group, in order to 
examine the effect of concentration and volume of 40K EDLA (while holding total dose 
constant). 
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The.third treatinent group, bilateral 15 mL aqueous bupivacaine 0.25%, was chosen as a 
control to compare to the plasma poncentrations, and local blood flow evaluations of the 
other two treatment groups in Part 2. 

For all 3 treafm^t groiq>s in Part 2: plasma concentrations were to be determined for 
each bilateral combination of treatments; and local blood flow was to be assessed by • 
LASER Doppler for each site. 



The treatments administered in fixe study are indicated in Table J-1 below: 

TABLE J-1 



Treatment 
40KEDLAL25% 


Volume 
15 mL : 


Total dose' 
Bupivacaine . 135.0 ing 
Dexamethasone 75.0 meg 


40KEDLA2.5% 


7.5 mL 


Bupivacaine 
Dexamethasone 


135.0 mg 
75.0 mfcg 


40KEDLA2.S% . 


15mL 


Bupivacaine. 
Dexamethasone 


270.0 mg 
150.0 meg 


ABO.25% 


15niL / 


Bupivacaine 


37.5 mg 


AB 0.5% 


15 mL 


^ Bupivacaine 


75.0 mg 



The investigational drugs used in the study are listed in Table J*2 below: 
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TABLE J-2- 








40KEDLA. 


AB 0.25% 


AHA f o/ 

AB 0.5% 


Diluent 


Dosage form 


Suspension 


Solution 


Solution 


Solution 


Dose 

/ . 


ISmLof 

1,25%; 

7.5 mL and 15 
mLof2.5%. 


ISmLof 0-25% 


15 mi of 0.5% 


N/A 

• 


Ingredients 


Bupivacaine, 


• Aqueous 


Aqueous 


Sodium 




* jdexamethasone 


BuDivacaine 


Bunivacaine 


caiboxvmetiivlcell- 
i^Iose, Polysorbate - 
• SOf Mannitoly and 
.wat^ for injection 


Manufacturer 


P J?. Labs 


Abbott . . 


Abbott. 


P J. Labs 


Pharmaceuticals 


Phannaceuticals 

s 


Batch/Lot 
number 


CB27-35-VIF 


550653A 


53i353A 


851-53^002 


Site of 
manufacture 


Totowa, NJ 


Abbott 

Pharmaceuticals 


Abbott 

Pharmaceuticals 


Totowa, NJ 



40K EDLA and diluent were suppUed in labeled contajyi^ 
Frederick Company for PPLP. 40K EDLA was supplied in 10 mL vials containing 100 
mgt>er vial of(^en4abel medication and was stored at -5^ Celsius (23® F). Diluent was.' 
siq>pUed in 30 mL vials of open4abel medication and stored at controlled room 
tenqioratu^, AB (aqueous bupivacaiae) was. obtained comnien^iaUy from Abb^ 
Phannaceuticals.' 

The schedule of visits and procedures is shown in Table 1-3 below: 
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TABLE J-3 



Screen Day Day Day Day Week Week Month Month 
1*2 3 4 2 6 3 6 
Visit Visit Visit Visit Visit Visit Call Call 



Lifonned Consent 
Demographic 
•Medical History* 
Surgical History 
Physical Exam 
Vital Signs* 
Laboratory 
BCG^ 

Pregnancy Test 
Concomitant Meds 
Injection Site 
• Preparation^ 
Treatment 

Assignment 
Administration of 

Study Drug 
Probe bis^on^ 
MRI Scanning 



Sensbry and 
LASER Doppler 
Testing 

Dialysis Samples 



Plasma Samples 



Safety Assessments 
Completion of Core 

Study 
Conq)Ietion of 

Extended Study 



X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



X 

X 
X 
X 
X 

X 

. X 

X 

Prior to inj. 
and at 3 h ' 
post-inj. 
Prior to inj., 30 
min., 
i,3,6,12,24h 
post-inj. ^' 
Prior to inj\, 
1-3 h, 6,12,24 

h post-inj. 
Prior to inj., 30 
nun., 
1,3,6,12,24 h 
• post-inj. 
X 



X 



X 



48h . 72h 



X 



X 
X 
X 



X 
X 



X 



X 



. X 
96 b. 



48h 72h 96h 



48h 72h 96h 



X 
X 



^Vital signs were to be assessed at each sensory testing 
^ECG was to be performed 6 hours after the study drug was given 
^Injection site preparation with Betadiue was to be -done prior to injection of the study drug 
^MicFodialysis probe insertion was to take place before the study (bug was injected. In part 2 of the study, 
80% of the study drug was injected prior'to microdialysis probe insertion. 
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Pharmacokinetics/Phannacodviiamics Assessments 

Drug Concentration Measurements 
Plasina Concentrations 

Blood sanq)l6S for determining plasma concentrations of bupivacaine and dexamefhasdne 
were obtained during each of the 2 study periods immediately before dosing (0 hour); at 
0.5, 1, 3, 6, 12, 24, 48, 72, and 96 hours post-injection. At each time;-4 mL venous 
blood was drawn into EDTA-containing tubes. 

Tissue Concentrations 

Bupivacaine and dexamethasone tissue concentrations detqmined by the 
microdialysis technique. Microdialysis probes were implanted at the site of injection on 
the.medial lower calf (nudway between the knee and ankle). Injections were made into 
an area of subcutaiieous tissue approximately 6 cm x 6 crn square (as shown in Figure J- • 
2). The skin at points A and B were first anesthetized with plain 0.5% lidocain'e (1 mL 
total). A 2-inch, 1 8-gauge intravenous catheter and needle was then passed through the 
skin at point A, advanced through the subcutaneous tissue for a distance of approximately 
5 cm, and then made to exit the skin at point C. The needle was then removed, leaving 
the intravenous catheter tip protruding 2-3 nun through the skin. A custom loop 
microdialysis probe (20 motn ••window," MW cutoff 6000 daltons, primed for 20 mih with 
microdialysate infusing at 10 mcL/min.) was inserted through this distal tip to eventually 
span approximately the distance C-D in the subcutaneous tissue. After allowing the 
microdialysis probe to equilibrate for 10 minutes (and obtaining a baseline sample over 
an additional 10 minutes), the first 40% of the total volimie of study medication (6 mL or 
3 mL depending on treatment) was injected in a fanwise fashion (4 passes) from point B. 
The second 40% of medication was injected in an identical manner from point A 
• (adjacent to entrance of above catheter). The final 20% (3 mL or 1.5 mL) of study drug 
was injected through the intravdcious catheter as it was withdrawn &om point C to point 
D, then removed entirely. This, was to eiisure that the microdialysis probe would come to 
reside completely in the center of this last 20% of injectate. The time required to inject 
the. entire amount of study medication was approximately 5 minutes. Collection of 
dialysate was continuous for the first 3 hours (10 mcL/ihin.) — ^20 minutes sampling 
period (9 samples, 200 mcL each). After this 3-hour period, the microdialysis probe was 
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disconnected capped. Each subsequent sample collection was preceded by an 
uncapping of the probe, reconnection, and a 10-minute flush with dialysate solution (10 
mcL/min.)* Twenty-minute collections were then to occur at 5 hpurs SO minutes, 1 1 
hours SO minutes, and 23 hours SO minutes post-injectioa The collection wa$ repeated at 
48, 72 and 96 hours, such that the midpoint of dialysate collection corresponded to the 
sensory testing and the blood draw. The pH of all local tissue dialysis samples were 
measured at the study site laboratory (the site was to retain—SOmcL). The rest of the . 
dialysate Was used for determination of drug concentrations. 

Pharmacokinetic Metrics 

The following pharmacokinetic metrics were derived from tfa6 plasma concentration 
versus time data and the tissue concentration versus time data: 

Primaiy: 

AUCt (ng^mL^h): Area under flie pl&ma concentration-tiine course profile .&om 
tiaie»0 to the last quantifiable concentration. 

• AUCoo (ng/mL«h): Area unde^ the plasma concentration-time course profile firom 
timeN) to infinity. 

• Cmax (ng/mL): Maximum observed plasma/tissue concentration taken directly fiom 
the concentration-time course profile. 

Secondary: 

• tmax (h): Time fiom dosing to maximum observed concentration. 

• tl/2(h): ^parent terminal half-life. 

• ' MRT (b): Mean residence time, the estimated mean time that any specific molecule is 

preset in the body 

Pharmacodynamic Measures ' . 
Sensory Testing 

Schedule of Assessments: Sensory testibg was to be conducted at baselinej and at 30 
minutes, 1, 3, 6, 12, 24, 48, 7Z, and 96 hours post-injection. Sensory testing included: 
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• Pin prick testing: The evaluatbr assessed fhedpgree of sensozy blockade by 
- administering pin-pricks to the injection site. Assessment was made by lightly 
tapping the skin using the diill.end of a dmtal needle usmg sufficient pressure to 
produce a feeling of shaipiiess (the pressure needed to produce a feeling of sharpness 
was detennined by testing in a non-affected area)« The area was pricked with the 
needle 3 times and the subject was asked how many pin-pricks were felt. If the 
subject stated that the pin pricks were felt, die subject was asked how many of the 3 
pin-pricks were felt as sharp and how many were felt as touch or pressure.' The 
density of block for each tested area was determined and recorded in the source 
documents and documented on die CRF as follows: 

0 » Subject did not feel any pin-pricks 

1 = Subject felt 2 or 3 (out of 3) pin-pricks as touch or pressure 
. 2 = Sulyectfelt2or3(butof 3)pih-pricksassharp 

If only 2 pin-pricks were felt and 1 was felt as touch or pressure and the o&er was felt 
as sharp, or if only 1 pin-prick was felt, the level of l=touch or pressure was assigned.. 

• Thermal Thresholds: Thranal stimulation for detmnination of Warmth Detection 
Threshold (WDT) and Heat Pain Detection Threshold (HPDT) was performed witii a 
custom built thOTnode-tfaerinocouple startmg at 30*'C and increasing at a rate of 
l.S^'C/s to a cutofiflimit of SO^C. The subject was instructed to push a button when a 
sensation of warmth was detected (WDT) and again when the sensation of paixi was 
perceived (HFDT). These values were recorded and the thecmode returned to the 
baseline tem|)eratuie. If the limit .of SO^C was reached and the subject did not indicate 
pain, the thermode automatically retumed to baseline. Subjects who did not perceive 
warmth or pain by 50*C were rated as 5 1**C. Each threshold was calcxdated as the 
median of three determinations performed with intervals of 10 seconds between edch 
determination. 
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• Somesthetic Testing: Somesflietic evaluations were perfonned by touching the 
injected area with an alcohol swab, The subject was asked: '"Tellmeifyou feelany 
change in teaq>eratu]:e when I touch this swab to your skin." (The swab, was applied 
to a diifermt part of the calf to detennine baseline pwseption). The subject was to 
answer **y6s" if a change was perceived, or * W* if no change was perceived. 
Responses were scored as 0 (Subject did not feel a change in temperature) or 1 
' (Subject did feel a change in teniperature). 

Skin Blood Flow 

Schedule of Assessments: Skin blood flow was to be measured at baseline and .at 30 . 
minutes, 1, 3, 6> 12, 24, 48, 72, find 96 hours post-injection. 

Cutaneous blood flow velocity at all injection sites and at a control site 8 cm more 
proxinlal on the left calf were tested at baseline using a LASER Doppler flow probe. . 
Flow velocity at the injection site was corrected for changes in flow at the control site 

' - ■ ' * . ■ i » ! 

using the fomiula: ' . ■• 
PeKHmt change in blood flow velocity = ([(Sx-So)/So^ 

where Sx is the bipod flow velocity at the injection site x minutes after the injection. So is 
the baseline bipod flow velocity at the injection site, Cx is the blpod.flow velocity at tiie 
control site x minutes after the injection, and Cq is the baseline blood flOw velocity at the 
control site. 

• * . ..» 

Pharmac6ldnetic/Phannacodvnamic Evaluation 

The relationship between plasma concentrations of bupivacaine and sensory testing was 
examined for tiie unilateral I S mL 4pK EDLA 2.5% treatment in Part 1 by directly 
comparing changes in bupivacaine plasma concentrations and sensoty test results over . 
time. . . • . 

The relationship between local tissue concentrations of biq)ivacaine and sensory testing 
was exammed across* all treatments in Part 2 by dixectiy comparing changes in 
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bupivacaine tissue concentrations and sensory test results over time. Part 1 tissue data 
Wjsre not used for this analysis (See Section 9.8.2). 

MRI Assessments 

Schedule of Assessments: MRI scanning was to be done at baseline (within 7 days prior 
to study drug injection), at 3 and 96 hours, 2 (i 2 days) weeks, 6 (± 2 weeks) weeks post- 
injection. In Part 1, only those subjects randomized to receive 40K EDLA had MRI 
evaluations. 

Standard MRI sequence parameters were used to visualize: . / 

• Microspheres:, density signal and distribution in the injected area. 
. • Injected fluid/edema: drasi^ signal. 

SUBJECT DISPOSITION 

Table J-4 summarizes by treatmeaxt group the disposition of the 28 subjects 
randomized to treatment. 



251 



wo 02/058670 



PCT/US02/02461 



207.1300 



TABLE J-4 



Patient Disposition: All Randomized Subjects 



Category 



Treatment Groups 











15 mt 






15 mL 




7.5 mL 


40K 


15 mL 




40K 




40K 


EDLA 


AB 




EDLA 


15 mL 


EDLA 


1.25% 


0.25% 




2i% (R) 


AB 0.5% 


2.5% (R) 


(R) 


(R) 




i + 


(R) 


+ 


+ 


+ 


15 mL 


15 mL 


+■ 


15 mL 


15 mL 


15 mL 


40K 


40K 


15 mL 


.40K 


40K 


AB 


EDLA 


EDLA 


AB 0.5% 


EDLA 


EDLA 


0.25% 


2^% (L) 


2£% (L) 




2.5%(L) 


2.5% (L) 


<L) 


4 " 


- 4 


4 


6 . 


• 6 • 


4 



Overall 
Total 



Randomized 
Completed' 

DisQontinued (Total) 



28 

4 (100%) 4 (100%) 4 (100%) 6 (100%) 6 (100%) 4 (100%) 28 
' ; • ; , (100%) 

,0 0 0 0 0 0 - 0 



. The disposition of subjects ^ displayed in Figure J-3. 
Data ^et9 Analyzed . . 

The lat&nt-to-Treat Population (ITT) included all 28 subjects who were randomized to 
study medication and received at least one dose of study medication. . 

The Evaliiabte for Phazmacokinetics Population, flie Bvaluable for EfBcacy Population, 
and the Eyalu^ble for Efficiacy and Pharmacokinetics Population were all the same and 
included the ITT PopuUftion less those subjects who were completely excluded for the 
Bvaliiable for iBfficacy Population due to protTO^ 

The m population was used for the Evaluable for Safety Population. 

The number of subjects included in. each population is presented in Table J-5. 



252 



wo 02/058670 



PCT/US02/02461 



207.1300 . 



TABLiEJ-S 







lStnL40K 




7.5mL40K 


15inL40K 








EBLA 




EDLA 


EDLA 








2S% (R) 


15niLAB 


2.5% (R) 




ISmLAB 




. ISniL 


, +' 


0^% (R) 


+ 


* + 


0Je5%(R) 




40K 


15niL40K 


+ 


15inL40K 


15niL40K 


+ 




EDLA 


EDLA 


ISmLAB 


EDLA 


EDLA 


ISmLAB 




2.5% (L). 


2.5% (L) 


0.5% (L) 


2.5% (L) 


2.5% (L) 


0.25% (L) 


Populations 






Number of Subjects 






nr. , 


. 4 


4 


4 


<5 


. 6 


4 


PK . 


4 


4 . 


4 


6 


5 


. . 4 " 


EfHcacy 


4 


4 


4 


6 


5 


4 


PK/Bfficacy 


4* 


4 


4 


6 


5 


4 


Safety 


4 • 


4 


4. 


6 


6 


4 



Extent of Exposure 

Table J-6 lists the absolute doses of bupivacaine .and dexamethasone for each treatment 
group based on the concentration and volume of study medication administered. 

TABLE J-6 



Total Dose of Bupivacaiae and Dexamethasone Delivered 



Treatment Group 


Totsd Dose of Bupivacaine 

(tm) 


Total Dose of Dexamethasone 
(meg) 


15 mL 40K EDLA 2.5% left calf 


270.0 


150.0 


15 mL 40K HDLA 2.5% right calf + 
15 mL 40K EDLA 2.5% left calf 


540.0 


: 300.0 


15 mL AB 0.5% right calf + 
15 mLAB 0.5% left calf . 


150.0 


0 


7.5 mL 46k EDLA 2.5% right calf + 
15 mL 40K EDLA 2.5% left calf 


405.0 


225.0 


15 mL 40K EDLA 1.25% rigjit calf + 
15 mL 40R EDLA 2.5% Ie9 calf 


• 405.0 


225.0 


•15 mL AB 0.25% right calf + 
15 mLAB 0.25% left calf . 


75.0 


0 
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Plasma Concentration Pata; Part 1 
Table 1-1 presents the mean plasma bupivacaine and dexamethasone 
concentrations over time for all keatniient grou^^ 

TABLE J>7 

Plasma Bupivacaine/Dexamethasone Concentrations' (ng/mL) Over Time: Part 1 







BUPIVACAINE 




DEXAMETHASONE I 




15mL40K EOLA 


15mL40KEDLA 


*15mLAB0.5% 


15mL40KEOLA 


15fnL40KEDLA 




2.5% unilateral left 


.2.S%bfiateral 


bOateiBl . 


2.^unHatBraneft 


Z5%bliateral 




(n=4) 


(n==4) 


(n=4) 


(n«4) 


(n«4) . 


Basallna 
n 


4 


3 


. 2 


4 


4 


MeantSEM 


0±0 


OiO 


0 


0±0 


0±0 


Median 


0 


0 


a 


. 0 


0 




0.0 


0,0 


0.0 


0.0 


0.0 


. 30min 






h 


4 


4 


3 


4 


4 • 


MeanlSEM 


34.S±.6.5 


63^ ±5.3 


447.0 165.6 


0.01.i0.01 


0.01 ±0.01 


Median ' 


33.5 . 


61.6 


463.0 


0 


0 . 


MIn.Max 


20.0.^.3 


53.0,76.7 


291.0.587.0 


0.0.05 


0.6.05:. 


in 








n 


4 


4 


4 


4 


4 



Moan ± SEM 
Median 
Min.Max 

in 

n. 

Meant SEM 



Mttn.Max 



Mean ± SEM 

Median 

Min.Max 

m. 

n 

Mean ± SEM 
Median - 
Min.Max 
24 h 
n 

Mean ± SEM 
Median 
Min,Max 
4ah 

n 

-MeaniSEM 
Median 
Min,Max 
72h ; 
n 

Mean ± SEM 
Median 
Min.Max 
96h . 
n 

Mean ± SEM 

Median 



31.4 ±6.9 

27.1 
15.1.56.1 

4 

17.0 ±4.3 

16.5 
7.7.27.2 

4 

19.0 ±6.3 

19.6 
: 5.5.31.0 

4 

37.2 ±12.9 

36.9 
11.7.83.4 



101.8 ±36.3 
' 82.6 . 
39.2.203.0 



'136.1 ± 16.4 

150.0 
87.3,157.0 



126.0 ±12.9 

125.5 
96.9.156.0 

4 . 
96.3 ±36.5 

74.5 
35.0.201.0 



67.2 ± 3.4 

68.0 
58.3.74.6 

3 

29.6 ±4.4 

27.8 
23.1;38.0 

4 

41.1 ±4.1 

40.6 
31.9.51.4 

4 

65.9 ±9.5 
• 62.1 
49.0.90.5 



196.0 ±30.1 

207.0 
119.0,251.0 



331.7 ±56.2 

29d.O 
252.0.445.0 

3 

268.3 ±82.6 

295.0 
142.0.428.0 



165.5 ±28.6 

155.5 
107.0.244.0 



334.0 ±58.4. 

346.5 
209.0.434.0 



117.7 ±18.0 

109.0 
84.8.168.0 



89.8 ±19.9 

69.9 . 
45.4,134.0 



75.3 ±14.4 

73.3 
48.6.106.0 



81.9 ±22.9 

77.7 
32.3.140.0 

4 

49.7 ±11.3 

51.0 
20.9,76.1 

4 

20.9 ±4.3 

20.1 
11.8.31.5. 

* 4 
9.111.1 

9.0 
6.6.11.7 



0±0 
0 

0.0 
4 

0.05 ±0.02 
0.05 
0.0.08 



0.09 ±0.01 

0.09 
0.06.0.12 



0.17 ±0.02 

o:i6 

0.13.0.23 



0.28 ±0.03 

0.26 
0.23,0.37 



0.08 ±aoi 

0.08 
006,0.11 

.4 • 
0.01 ±0.01 
0 

0,0.06 
4 

0±0 
0 

0.0 



0.05 ±0.02 
0.06 
' 0,0.07 

3 . 
0.06 ±0.03 

0.07 
0,0.1 

4 

0.18 ±0.01 
0.18 
0.16,0.2 

4 • 
0.3 ±0.02 

0.29 
0.26.0.36 . 



0.45 ±0.07 

0.44 
0.31,0.61 

4 * 
0.18 ±0.02 
0.19 ' 
0.12.0.23 



0.02 ±0.02 
0 

. 0.0.06 
4 

0±0 
0 

0.0 



"Note mat the maxinial ooncentralion and time to maximal 
Cmax and tmax in the phamnaooMneOc metrics data. 



concentration leflected In this tajile may differ from tlie calpulated 
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Plasma Concentratiop Patai Part 2 

Table J-8 present$ the mean plasma bupivacame and dexameOiasone 
concentrations over time for all treatment groups in Part 2. 

TABLE 

Plasma Bt^ivacaine/DexamBtfaasone Omcentratioiis* (ng/biL) Over Time: Part 2 
Evaluable for Pharmacokinetics Population 







BUPIVACAINE 




DEXAMETHASONE 




7.SinL40IC 












EOLk 


.15itiL40K:BDLA 




73inL40KEDIA 


13TnL40KEDl^ 




2.57b (R) + 


1 'SCO/. /D\ X 




2.5H(R) + 


135% (R) + 




15 mL 40K. cULA 




1 C ml An ft tKUL ' 


15niL40KEOLA 


15mL40KEDLA 




2.3% (L) 






23% (L) 


23% (L) 




. 






(n=6> 


(n»5) 


Baseline 
N , 


6 


5 


' 4 


6 


5 


MeandbSBM 


0:1:0 


0*0 , 


0*0 


0*0- 


0*0 


Median 


0 - 


0 


0 


0 


0 


Min,Max 


0,0 


0,0 


. 


0.0' 


0,0 


30niin 












n- 


6 


5 ■ 


4 


5 


5 . 


Mcani;SEM 




67J*t2J 


201.8 * 43.8 


0*0 


0.02*0.02 


Median 


68.9 


' 59.0 


206.0 


0 

OO 


0 


Mfn>(ax 


41.8,110.0 


40.0,99.5, 


114.0,281.0 


0,0X>8 


lii 












n 


6 


5 


4/ 


' 6 


' 5 


MeanifeSEM • 


6S.7:lil0.5 


55J*10J 


1543*423 


0*0 


0.04*0.02 


Median 


60.1 


54.2 


143.0 


0 


0X)5 - 


MinAfax 


42.3,1I3.0 




70.1,261.0 


0.0 


0,0.07 


1± 












n 


6 


5 


4 


6 


5 


. Mean^SEM 


44.3 ± 9.0 


35.8 * 9 J 


72! t *22.6 


* 0.02*0,01 


0.06*0.02 


Median 


36.6 


32.2 . 


64.6 


. 0 


0.06 . 


'Mtn,Max 


24.8,78.8 • 


15.0,61.1 . 


I 1 0il f\ 

29.1,130.0 


0,0.07 


0.0.1 


£h 
n 


6 


5 


4 


6 


5 


•Mean^SBM • 


49.4^ 11.5 


42'.2*U.2. 


54.9 * 14,3 


0il4*0.01 


016*0.01 


Median 


45.4 


31.3 


48.5 


0.15 


0.15 


-Mfn May 


24 2 101 0 


18.5,75.9 


30.0,92.6 


• 0.07.0.16 


0.12,0.19 










n 


6 


5 


4 


6 


* 5 


MeanikSEM 


84.3 22.8* 


' 63.8 ±11.5 


39.1*9.1 


0.24*0.03 


037*0.03 


Median 


63.7 


66.7 


39.2 


0.26 


. 03 • 


MiOfMax 


38 J,193.0 


353,97.0 . 


21.146.7' 


• 0.14,031 . 


0.19,034 














n 


6 


5 


4 


.6 


5 


Mean:fcSBM 


t52J±33J 


135.7 ±19J 


34.0*8.1. 


033*0.02 


0.33 * 0.04'. 


Median 


124.0' 


147.0 . 


343 


• 0^23 


037 


Mfn,Ma3^ 


82.9.295.0 . 


87.7,190- 


13.9,53.0 


0.15,03 


031,0.42* 


m 












n 


. 6 . . 


5 


4 


6 


5 


Mean:fcSEM 


133J±25.1 


138.4 ±19..6 


17.1*6.4 


' 0.08*0.01 


0.1*0.03 


Median 


UI.4. 


165.0* 


14.2. 


0.07 


0j09 ' 


MiDiMax 


78.0^8.0 


105.0,218.0 


5.6343 


0.05/).l 


0,0.17 


22Jl 












n 


6 . 


5 


4 


6 


5 


Mean:feSeM 


58.2 db 10.1 


95.8*21.2 


73*43 


0*0 


0*0 


Median 


593 


92.7 


. 5.1 - 


0* 


0 


Min^lax 


29.7,94.2 


* 46.0,173.0 


0,18.8 


. 0,0 


0,0 


2^ 












. n 


6 • 


5 


4 


6 


5 • 


MeanlSEM ' 


' 30.0:fc4.1 


48.1*9.7 


13*13 


0*0 


0*0 


Median 


• 28.7 


46J 


.0 


0 .* 


0 


Min^ax 


19.2.4BJ 


18.5,71.8 


0,5.8 


0.0 


»fl 



Rpri^t side; LF4e£k ride 

^ote that the maxiinal concentration and time to maximal concentretion reflected |p fliis table may diCTcr from the calculated Omax and 
tmax in the phatraacokinetiG mOtics data. 
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Plasma Pharmacokinetic Metrics: Parts 1 and 2 • 
Table J-9(A) presents the phannacoldiietic metrics for the plasma concentrations of 
biq)ivacaine and dexamethasone in Part 1. Table J-9(B) presents the phannacokinetic * 
metrics for the plasma concentrations of bupivacaine and dexamethasone in Part 2. . 

TABLEJ-9fA) 



Plasma Bi^ivacaine/Dexaibethasone Pharmacokinetic Metrics: P^ 1 
Evaluable for Pharmacokinetics j^opulation - 







, X3 U^A ▼ CivCUULw 






hasone 




1 < ml AtW BTlT A 








15mL40KEDLA. 




2.5% 


2.5% 


l5niLAB0.5% 


2J5% 




tmilatenUeft 


bilateral 


bilateral 


unilaterel left 


2.5%bflateral 




(n-4) • 




{n-4) 


(n-4) 


(n-4) 














.n • • 


4 


4 


4 


4 • 


4 


MeandbSEM 


162.0 :fc 25.3 


287.8 db 602 


443J±6d.8 - 


028±0.03 


0.45i:0.07 


Median 


174^ 


275.0 


448X) 


'0J6 


0.44. 


MiDiMax 


96.9^03.0 


156.0,445.0 


291.0.587.0 


0.23.0.37 


031^61 


AVCUiis/mlAfxi 












11' . 


4 


4 


4 


• , 4 


4' 


Mean^SEM 


9744.2*1473.4 


19220.4 ±3833.6 


5218.2 ±1003.7 


83±li 


14.4 ±1.9 


Median 


1Q3503 


17999.9 


5093.5 


7.2 


14.5 


Min>fax ' 


5710.1.12566.1 


114033;i9478.4 


2903J.7782.5 


6.^.12.9 


103.183 














n 


0 


0 


4 


0 


■ 0 


Mean:feSBM 






5497.9± 1015.8 






Median 






5349.8 






Min,|4ax 






3178.4.8113.5 


















n . • 


.* 4 


• 4 


4 *. 


4 


4 


McaadbSEM 


59.4 db 14.8 


58.9 ±12.0 - 


oji±o.r4 


22.5 ±0.6 


19.9 ±3.1 


Median * - 


' 60.3 


47.5 . 


0.79 


22.6 


223 


Min»Max 


23.8^4 


4S.5>t.9 


0.5il.2 


21.0.23.7 


10.7;24.4 














n • 


2 


I. 


. ' 4 ' 


0 ' 


0 . • 


Mean±S£M 


. 48.5d:14.1 


37.7 


22.1 ±23 






Median 


48J 


37.7 • 


19.9 






Min,Max 


34.4,62.7 


37.737.7 


19.4.29.0 






miM 












n - • : 


4 


4 


• 4 


4 


4 


Meani:SEM 


53.6 ±2.9 


53.2 ±2.2 


28.) ±1.6 


23.7 ± U 


24.4 ±13 


Median 


izs 


54.2 


27,8 . 


233 


233 


MinAIax 


48.5J60.9 


47.2^.4 


24.632.2 


21.U7.2 


23.138.1 
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to Part 1 of the study (Table J-9(A)),1iie bilater^ 
demonstrated npid di^tributioii of bupivacaine into the systemic circulation* characterized 
by a relatively low mean tmax (0.81 hours). Jn contrast, both the unilateral and bilateral 
IS mL 40K EDLA 2.5% treatm^ts demonstrated a slow distribution of bupivacaine into 
the systemic circulation (mean tmax= 59 A and 58.9 hours, respectively). The mean tmax 
for dexamethasone was lower than that of bupivacaine and was similar across the . 
unilateral and bilateral40K EDLA treatment groups (2i.5 hoiirs for unilateral, 19.9 hours 

for bilateral). The mean tl/2 and MRT were longer for both the unilateral and bilateral 

.1 ■ • , ' ' 

4bK EDIJ^ treatments than the mean tl/2 and MRT for the AB treatment; 

In order to determine the dose-proportionality oif bupivacaine concentrations in 
plasma after treatrhent with increasing 40K EDLA doses, the Cmax and AUCt for the 
unilateral and bilateral 15 mL 40K EDLA 2.5% treatments were compared. The mean 
plasma Cmax for the bilateral 15 mL 40K EDLA 2.5% treittuent (287.8 ng/mL) was ^ 
slightly less than double the Cmax of ttie unilateral treatment (162.0 ng/mL). Similarly, 
the mean AUa achieved'with the bilateral 15 mL 40K EDIA 2.5% treatment (19220.4 
ng/mL^h) was slightly less than double that of the unilateral treatment (9744.2 ng/mL«h), 
Dexamethasone concentrations showed a similar dose-proportional relationship. The 
Cmax resulting from the bilateral 15 mL 40K EDLA 2:5% treatment (0.45 hg/mL) was 
slightly less than double that of the unilateral treatment (0.2i8 ng/mL). Similarly, the • 
mean AUCt achieved with the bilateral 15 mL 40K EDLA 2,5% treatment (14.4 
ng/mL«h) was slightly less than double that of the unilateral treatment (8.5 ng/mL«h). 

The Cmax of both the unilateral and bilateral 1 5 mL 40K EDLA 2.5% treatments . 
. was less than that of the bilateral AB treatment (Cma^HW3,5 ngtoL), despite a greater 
total bupivacaine dose in^e 40K EDLA-ttreated subjects (unilat^ 40K EDLA » 270.0 
mg bupivacaine, bilateral 40K EDLA = 540.0 mg bupivacaine, bilateral AB - 150.0 mg 
bupivacaine). 
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TABLE J-PfB) 



Plasma Bupivacaine/Dexamethasone Phannacokinetic Metrics: Part 2 
Evaluable for Pharmacokinetics Population ' 



Bupivacaine . 


Dexamethasone 


7JnrfL40KEDLA 

2.5% (R)+ 
lSint40KEDlA 


15inL40KEDtA 
1.25% (R) + 

2.5% (L) 


• 

E J ink JUl v.* 

bilateml 

(nr4) 


. 73mL40KEDLA 
23%(R) + 

2.5% (L) 
{n=6) 


15inL40KEDLA 

1.25% (R) -f 
l5niL40KEDLA' 

23% (L) 
(n-5} 


Ctnax (ns/nUJi 












n 


6 


5 


4 


•6 


. 5 


Meaiidk SEM 


153.1^33.1 


170.8 db 18.7 


201.8 ±43.S 


OJt5±0.02 


0.33 ±0.04 




125.0 


176.0 


206.0 


0.27 


037. • 


Minlkax 


82.9,295.0 


I05.0,218i> 


114J),28I.0 


0.17,031 


; 0.21,0.42 


AUQ 












fne/mL*h) 












n 


6 


5 


4 


6 


5 


MeaftifcSEM 


8924.9 ±1719.8 


'9935.2 979.8 


2141.7 ±493.7 • 


7.6 ±0.69 


9.7 ±1.7' 


Median 


7282.9 


''i0iSS2.6 


2173.2 


8.0 ' 


11,7 


Mm>f» 


- 3065.5,15890.3 


65293,12185.9 


904.74*315.8 *. 


5.4,10.0 


3.9,13.1 - 


AUCoP 












; fae/inL»M 












n * 


•6 . 


2. 


1 


0 


0 


Mean:!: SEM 


10082.6:1:1793.5 


10768.4^1140.3 


2311.8 






.Median 


8286.3 


10768.4 - 


2311.8 






Mtn^x . 


5722J,I6547.2 


9623.1,11908.8 


2311.8,2311.8 






tmax(h> . 

n ' ' 


6 


5 


4 


6 


.5 


Mean ;L SEM 


313^4.9 


.42.3*5.0 


0.71 ±0.03 


16.0 ±2.6 


25.9 ±2.2 


Median 


24.4 


46.9 


0.73. 


\X6 


23.0 


Min,Max 


22^,46.9 


22.6,48.7 


0.62,0.77 


10.6,25.6 


12.0,233 














n ' 


6 


* 4 




■ 0 


0 


Mt^n ± SEM 


25.8^:2.6 


32.9 ±7.9 


26.5 






Median 


25.9 


• y\A 


263 






Min,Max 


16.0,34.5 . 


17.1,51.9 


26.5,26.5 . 






mim • 












ri " 


6 


5 


4 


6 


5 


Mean SEM 


41.2*1.5 


45.1 ±2.6 


20.5 ±4J 


21.7 ±0.5 


20.7 ±1.9 


Median , 


41.2 


45.6 


20.6 


21.5 


22.5 


Min,Max • 


37.0.45.6 


. 36.2^2.8 


* 10.9^9.8 


20.5^3.4 


i3.1,23.2 



• In Part 2 of the study, one 40K EDLA-treated group received 7.5 mL 40K EDLA 
2.5%.+ 15mL 4pK EDLA 2.5%^ and the other received 15 mL 40K EDLA L25% + 15 
'mL fU)K EDLA 2.5%. Although hoth treatments delivered the same total dose of 
bupiyaoaine, the mean Cmax, AUCt,' and tniax were slightly higher for the 15 rpL 40K 
EDLA 1.25% + 15 mL 4dK EDLA ^.5% treatnient. Howeyer, Olq variability for these 
parameters is^somewhat large. Although the absolute dose of dexamethasone was also 
the same with these two treatments, the mean Cmax, AUCt, and tmax were also slightly 
higher for the 15 ml«r 40K EDLA 1.25% + 15 mL 40K EDLA 2.5% treatment As in Part 
lyttiemean Cmax for either 40K EDLA treatment (153.1 and 170.8 ng^mL) was less than 
the Cmax for AB (201.8 ns/rnL), despite a larger total bupivacame dose for 40k EDLA 
treatment' (405.0 mg bupivacaine) than for AB treatment (75.0 mg bupivacaine). . 

.25S 



wo 02/058670 PCT/US02/02461 
207.1300 

As in P art 1 of the study, treatmmt with AB in Part 2 resulted in a nqpid 
distribution of bupivacaine into plasma (tniax= 0.71 hours) compared to 7.5 mL 40K 
EDLA 2.5% + 15 mL 40K EDLA 2.5% (tmax 31.3 hours) or 15 mL 40K EDLA 1.25% 
+ 15 mL 40K EDLA 2.5% (tmax = 42.3 hours). In addifion. die mean MRT f6r.40K 
EDLA treatment was ^proximately double that for AB treatment (41.2 and 4$.l hours 
for 40K EDLA vs. 20.5 hours for AB). The mean MRJ for dexamethasone (21.7 and 
20.7 hours) was approximately half that of bu]|!»ivacaine (41.2 and 45.1 hours) with 40K 
EDLA treatment. 

Tissue Bupivacaine and Dexamethasone 
Tissue Concentration Data: Part 1 

In Part 1 of the study, the tissue concentrations of bupivabaine were often too large .tb be 
measured under the aSsay conditions employed; therefore there are no sunmiary statistics 
for bupivacaine tissue concmtrations or pharmacokinetic nietrics for Part 1 . 

Tissue Concentration Data; Part 2 

The tissue concentrations of bi^ivacaine and dexamethasone at selected time points for 
Part 2 are presented in Tables J-10(A) (bupiyacaine)*and J-10(B) (dexamethasone). 
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TABLE J-lOf A) . 
Tissue Bupivacaine Concentrations" (ng/mL) Over time: Part 2 . 



Evaluable forPhaimacol 


dhetics Popula 


tion 










■ 7.5mL4(HC 


15 mL 40K fiuLA 


15 mL 40K. cDLA 


1 K awT AiW Bnf A 

15 mL 40K Whn, 


1 < mm^t AD 

15 mLAo 


KmT All 




BD£A2.5%ri8ht 


2.5% left 


1.257b fisnt 


Z. JTtt ICR 


0.257b ngnt 




Ui 

N 


6 


• 

' 5 


4 . 


< 


A 


A 


Mcfln 


17414.5 


17644.6 


16660.0 


16124.8 


54133 


7139.5 


* ±SEM 


2605.0 


4778.6 


1236.6 


5030.9 


1860.6 


2754.5 


Median 


15919.5 


18799.0 


170903 


14434.0 


6016.0 


6878.0 . 


Min^ax 


' ,11208.0^63^2.0 


5057.0;£9680.0 


13387.0.19072.0 


5547.0323^0.0 ' 


801A8820.O. 


12074),13595.0 


lb 

n 


6 


6 


5 


5 


. • 4 


4 


.Mean 


247S8.5 


21052.5 


15994.6 


16242. 


4998.8 


50383 


i:SEM 


3581.2 


4388.5 


3316.9 


.5243.4 


1018.8 


788.7 


Modian' 


24412J 


17951.5 


17562.0 . 


13578.0 


46493 


50233 


MfaifMax 
in ' 
n 


10389.0^4102.0 ; 


' 9318.0^8447.0 


3508.0^2643.0 


5691.035068.0 


3265.0,7431.0 


3566.0,6541.0 


6 


6 


5 


5 


. 4 " 


4 . 


Mean 


19329.3 


26736.8 


16711.6 


-22440.6 


. 40403 


4639.8 


±SEM 


273U 


• 4214.8 


3584.9 


. 6335.4 


557.1 


.678.6 


Median 


16617.0 


28227.0 


19886.0 


20540.0 


3914.0 


4576.0 . 


Min,Max 


14002.0^1201.0 


10672^39925.0 


4038.0,25045.0 


. 8060.0,45305.0 


3068X>3266.0 


3394.0,6013.0 


ShSQmin 








• 




n 


6 


5 


5 


• .3 




4 


Mean- • - 


31163.8 


37953.4 . 


31936l6 


32427.8 


42343 


6480.8 


dbSEM 


3233.3 


4I6S3 


7184.8 


9544^4 


879.9 


824.5 


Median 


30529.0 


33703.0 : 


36366.0 . 


23865.0. 


42623* 


'. ' 6034.0 . 


Mtn^ax 


207884)«40t9L0 


30559.0,53932.0 


12099.0,46827.0 . 
t 


155024).68927.0 


2271.0,6141.0 


5157.0,8698.0 


.11 h50mih 












n 


6 


6 


5 


5 


4 


4 


Mean 


34417J 


45942.2 


33970.2 


42937.4 


4083.8 


4320.5 


dbSEM 


' 4617.8 


6168.0 


7349.3 


9677 J 


. 915.0 


14984) 


Median 


35965.5 


41928.0 • 


23606.0 


3069^.0 


4501.0 ' 


3114.0 


Min,Max • 


' 15927.0,46082.0 


28378.0,73464.0 


20913.036611.0 


26925.0.77624.0 


I529X>3804.0 


2335.03719.0 ; 


23h50miii 














n 


5 


5 


5 


5 


4 


4 


Mean 


32596.6 


-58099.8 


35307:4 * 


54570.8 


678.5 


1972.0 


:bSEM 


1922.7 


4626.2 


7114.1 


10250.8 


2053 


851.1 




31643.0 


54984.0 


29561.0 


41365.0 


6783 


18953 


Min>iax 


28026.038213.0 


48036.0,74031.0 


17891.039562.0 . 


32246.0,82523.0 


209:0,1148.0 


400.03697.0 . 


48 h 














n 


6 


. 6 


5 


' 4 . 


3 


3 


Mean 


27433.0 


48370J 


26152.4 ' 


39954.8 


154.8 


296.0 


:feSJEM 


' 5288^ 


4414.7 


• 74483 


96713 


' 134) 


.96.7 


Median 


27032.0 


. 50279.0 


17948.0 


33238.5 ' 


164.4 


382.0 


Min»Max 


KM77.0.42081.0 


34706.0,616654) 


10243.0.49720.0 


25024.0,683184) 


129.0.171.0 


.1034)^3.0 


m ' 














n 


. 6 


6 


4 . 


5 


4 


3 . 


Mean 


31131.5' 


31411.5 • 


152723 


34906.4 


154.8 


•175.6* 


i:Sm 


10755.0 


7229.4 


4026.4 


78113 


79.1 


79.0 


Median 


22989.5 


30676.0 


. 15228.0. 


35286.0 


85.8 


1Q8.0 


Min»Max 


7536.0,79949.0 


3361.038470.0 


6725.0,23908.0 


10429.037957.0 . 


56.63914) 


85.73334) 


96h 














N, ' 


6 


6 


5 


5 


4 • 


3 


Mean 


12248.3 


158423 • 


19816.0 


12771.2 


125.0 


105.0 


i:S£M 


4341.9 


4242.0 


7376.1 


3266.0 


69.6 


66.1 


Median 


12724.5 


'165623 


14283.0 


12811.0 


. 88.1 


88.1 


Min,Max 


834.0;Z7913.0 


948.032110.0 


5668.0.44279.0 


3964.003121.0 


0.0324.0 


0.0327.0 



*Noti that Che iraximal concentroticni and time to rtaximal ooncentrelion reflected in tiUs table ipay dtfifer finom the calculated Ona, and tmax 
in the phaimacolrinetic ntttrics data. 
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TABLE J.i 0(B) 
Tissue Dexamethasone Concentratioiis^ (ng/mL) Over Time: Part 2 



Byaluable for Phannacoldnetics Population 





7.5mL40K 


15niL40K 


l5mL40iC 


15fnL40K. 




BDLA2.5%ri8^t 


EDIA 2.5% left 


BDLAl.25% 


EDLA23%leil 






. riffht • 




JLh 










n 


6 • 


5 


• 4 


5 


Mesn^SBM 


• 22.4^6.4 


30.8 :fe 10.9 


23.0*5.7 


20.1*53 


Median . 


21.8* • 


26.4 


•25.7 


15.1 


MlnAIax 


.3.5^2.0 . 


5.1,66.3 


6.8,33.7 


10.1,413 


. 






5 


n 


6 


6 


5 


Meand^SEM 




25.3 db 6.4 


16.2*4.6 


18.8*33 


Median 


25.4 


21.4 


19.4 


203 




6.3^2.6 


10.3,50.4 


3J;27.3 


83,28.1 


3 h 










n 


6 


6 


5 


5 




21.5 ±6.6 


27Jd:5.4 


I9.5*4'.3 


16. i* 3.6 


Median 


* 20.4 


27,3 


22.6' 


14X) 


Min Max 


S.4,51.0 


9.0,46.3 


.3.6,27.5 


• 7.6,24.8 


5 h 50 mln 










n 


6 


5 


5 


5 




41.8:1. 9.5 


82.6 db 23 8 


61.9* 17.0 


62.1*24.6 


IWlCQIaU 


35.8 


65.8 


66.6 


37J2 


Mift Mav 
IVllIl^mBA 


21.0,75.0 


34.9,156.0 


70 111 0 




1 1 h M imn 
















5 


5 


Mean X OEM 


^/.j SB f .y 


oo.f as 17.1 


JD.DX m.3 




InCOIBIl 


AH ft 


Aft 9 






W|n May 






ft 7 09 1 




2ah50inhi. 










• n 


5 


5 


5 


5 


Meani;SEM 


18.8^:5.3 


35.4^10.0 


21.4*113 


50.8 * 24.1 


Median 


13.2 


27.5 


U.9 


313 


Min.Max 


Lt.839J 


20.7.74.9 


4.6,66:0 


173,146.0 


48 h 










n. . 


6 


6 


5 


4 


MeandbSEM 


10.8 4.0 


27.5 11.6 


9.0*5.7 


20.8.* 6.6 


Median 


• 7.1 


12.5 


23 


• 18.7 


Mfn,Max 


2.2^9.4 


7.9,78.1 


1.4.31.1 


7.0.38.7 • 


12h 










n . 


6 


6 


4 . 


5 


Mean^SEM 


11.0:^6.2 


9.1 ±4.3 


3.6*2.5 


10.1*3.8 


Median 


5.5 


63 ' 


1.7 


6.2 


Min.Max • 


^ 1.5,41.4 


0.7.30.2 


0.0,103 


2.7,20.8 


96 h 








n 


6' 


6 


5 


5. 


MeandbSBM 


16.1d:lL8 


.4.1*1.7 


7.9*3.6 


2.9*1.1 


Median 


2.6 


3.0 . 


6.4 


2J 


MlnJ4ax 


0.0,73J 


0.7.12.5 


0.0.183 


0.0j6.7 



tfiatihe maxima) cimccntreti(m and time to maidnnl ooncra 
thmi Oie calcutated Orviax and tmax in the phanittedd^ 



Tissue Pharmacokinetic Metrics: Part 2 

Tables J-1 1(A) and J-11(B) present the phannacokinetic metrics for the tissue 
concentrations of bupivacaine and dexamethasone, respectively, for Part 2 of the study. 
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TABLE J-llfA> 

Tissue Bupivacaine Phannacokinetic Metrics: Part 2 



Evaliiable for Phann^cokinetics Population 



7.5 mL40K 


15mL40K 


15inL40KEDIA 


lSinL40IC 


*15mLAB 




EDLA2J% 




1.25% 


EDLA2i% 


0.25% 


15inLAB0.25% 


riRht 




rieht 


left 


right 


left 



Cmax 
fng/mLl 



n 


0 


6 


5 


5 


4 


4 




467 10 J 


58472.7 


A tost t 


54719.2 


28919.8 


24810.8 ' 


^SEM ' 


7086.9 


3641.0* 


d4o1.3 


10204.0 


18864.3 


. 12079.9 


Meoi&n 




CiCMI ffl 


AM09 A 


4Z1U7.U 


13839.9 


1 8474.0 . 




29342.0,79949.0 


49495.0, 


23606.0^9562 Jl 


32246.0, 


3265.0,84735.0 


5157.0,57138.0 






74031.0 




82523*0 




AUCt 




























n 


6 


6 


* 5 


5 . 


4 . 


4 ♦ 


Mean 


2688330.3 


3756938.8 


22941 13.0 


. 35265323 


1005633 


137506.0 


^SfiM 


296398.2 


157067.0 . 


511460.8 


585452.2- 


20684.1 - 


30401,9 


Median 


• • 2726977.8 


3796442.9 . 


1846200.4 


3244569.7 


103039.8 


1189763 


Min>4ax 


1625087.4, 


: 3230823.1,. 


1051878J, 


. 18776793, ' 


49677.3, 


88472.7. 




3751288.0 


43322463 


39U488.8 


5416888.0 


146497.2 


223598.4 














fagfafiLfiM 




. *f 










n • . » 


4 


4 


.1 


2 


.3 


• 2 


Mean 


37745314 


4235629.6. 


19807852 


3371669.1 


103355.1 


122iS87.1 


;kSEM 


I1683U.0 


202080.1 




1392012.6 


. 32750.1 


32289.4 


Median 


3212170.6 


4227838.6 


19807852 


• 3371669.1 


93930.0 


122687.1 


MinAlax 


1656490.1. 


3866280.4; 


1980785.2. 


1979656.4, 


51933.2. 


90397.7, 




70172933 


4620560.8 


19807852 


4763681.7 


164202.1 


1549763 


















6 


6 


5* 


5 


4 


. 4 


Mean 


31.6 


33.7 


15.0 


32.8 


03 


. 1.9 ' 


:fcSEM 


9,5 


8.7 


3.3 


93 


0.4 


i.6 


Median 


24.1 


24.4 


12.0 


23.1 


0.05 


031 


Min>lax 


, 11.5,70.9 


12.9.70.9 • 


6.2,22.8 


22.9,70.7 


0.03,1.8 


0.27,6.6 














n 


5 


5 * 


3 


2 


3 


2 


Mean ' ' 


46J 


32,6 


49.1 


25.0 


34.0 


.36.4. 


dbSBM 


12.3 


7.8 . 


12.4 


7.1 


9.5 


21J 


Median 


37.3 


32.9 


393 


25.0 


37.9 


36.4 


MinJ^ax 


15.2,81.1 


8.0/|6.0 ' 


• 34.1,73.8 


17.832.1 


15,9,483. 


15237.6 












n 


6 


6 


5 


'5 * 


4 


4 


Mean * 


42.4 . 


41.7 


39.1 . 


41.0 


14.6 


14.2 . 




3.0 


2.8 


1.4 


23 


2.1 


Z9 


Median 


42.7 


42.0 


40.2 


38.1 


15.1 


13.4 


Min,Max 


33.7^.2 


30.0,51.1 


343,41.9 


35.7,47.8 


9^18.6 


8.0,21.8 
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TABLE J-lirB) 
Tissue Dexamethasone Phaiinacoldn'etic Metrics: Part 2 





' 7.SinL40KBDLA 


l5mL40KEDUA2.5% 


l5inL40ICBDLA1.25% 


15inL4DKEDLA2.5% 






left 


riglit 


left 




rikhl 


















n 


6 


6 


5 


5 


MeandbSEM 


58.4:1:7.9 


913 ±20.7 


62.2 ±16.7 


973±32.9 


Medtan 


• 6U . 


85.4 


66.6 


903 




32.5,77J 


' 37.4,156.0 


8.7.ni.O 


30.2,212.0 


AUafne/mL^M 










n , 


6 


6 


5 


5 




1831.2 A 381 2 


2495.8 ± 549.8 


1396.5 ±588.6 


2723.6 ±989.6 




1552.0 


1889J 


851.7 


1976J 


Min Mfur 


850 6 J 172 7 


1317.9/1297.6 


330.0^662.1 ' 


953.6,6478.9 


AUCoo 




















n 


3 - 


6 


1 * 


5 




' 1451.8 ±412.2 


• 2624.2 ± 560.8 


. 4197.8 


2831.6 ±9843 


Median 


12U.4* 


19773 


4197.8 . 


2047.7 




• 889.i;a55.0 


1464.8^.9 


4197.8^197.8 


1021.6,6510.9 






1 






N 


6 


6 


• 5 


's 


Meani:SEM 


. 24.0:^:14.3 


9.1 ± 1.2 


•7.4 ±1.0 


93 ±13 


Median 


U.4 


8.7 


6.5. 


11.2 


Mui^Max 


6.3^5.2 


6.4,12.9 


'6.1.U.5 


63,12.0 








l 




N 


3 


6 


. ■■ 5 


MeanisSEM . 


' 20.8 ±2.4 


21.4 ±3.2 


' 26.9 . 


I9.0±3.l 


Median 


19i> 


.2IJ 


26.9 . 


17.7 


Mfn^ 


17.8^5.6 


103,33J 


26.9,26.9 


11.830.6 


MRTfli^ 










N 


6 


6 


5 


5 


Meaii:feSEM 


3I.T±7.l 


28.3 ±2.8 


25.2 ±5.1 


26i»±2.6 


Median 


26.6 


' 26.9 


25.8 


24.8 


MinJ4ax . 


18.7:65.9 


21.4.40.6 


n.1.40.7 


21.533.4 



The reliabiUty of the micTodidysis methodology in measu^ . 
concentration& of bupivacaine was assessed by detenxuxung the similarity of the tissue 
phannacoldnetic metrics of bupivacaine obtained at different sites using identical dose? of 
40K EDLA. For the two IS mL 40K BDLA 2.5% treatments, the niean tissue Cmax 
(58472,7 vs. 54719.2 ng^mL) and AUQ (37569318 vs. 3526532.3 ng/mL*h) obtained 
were similar, indicating that.ttie' microdialysi? method can reliably detect similar peak and 
total tissue exposure to bupivacaine following a sinlilar dose of bupivacaine delivered as 
40K EDLA at two different sites. . For the two sites treated with 1 S mL AB 6.25%, the 
tissue Cmax (28919.8 vs. 24810.8 ng^mL) and AUCt (100563.5 vs. 137506.0 ng^mL^h) 
obtained are also similar, indicating that the method is reliable for detecting tiss\ie 
bupivacaine delivered as AB as well. 
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• The relationship between 40K EDLA dose afid tissue biq)ivacaine concentration 

was examined by comparing the tissue pharmacokinetic metrics for bupivacame obtained 

at different sites where differing doses of 40K EDLA were delivered (Table 11 .2. 1 .2.3 A)* 

Although fhe 15 mL EDLA 2:5% treatment delivered twice the dose of 

bupivacaine as the 7.5 mL 40K EDLA 2.5% tneatment, the mean Cmax measured by the 

assay for the 15' mL 40K EDLA 2.5% treatment was not double that of the 7.5 mL 40K 

EDLA 2.5% treatment (46710.3 vs. 58472.7 ng/mU respectively) in the same subjects. 

Likewise, the mean AUCt for the two treatments (2688330.3 vs. 3756938.8 ng/mL«l^ 

respectively) in the same subjects did not reflect a doubling of total exposure between the 

two treatments. iSince the injection volume differed between the two treatments, it is 

possible that this difference may have affected the total dose of bupivacaine delivered at . 

the tissue site. 

However, a comparison of two treatments in the same subjects in which one 
delivers twice the dose of bupivacaine but utilizes a similar injection volume (15 mL 40K 
EDLA 1.25% vs. 15 mL 40K EDLA 2.5%) also does not demonstrate a doubling of the 
mean Cmax or AUCt for bupivacaiiie. The 15 mL 40K EDLA 1.25% treatment results in 
a Cma^ of 41082.2 ng/mL and an AUQ of 22941 13.0 ng/niL*h, while the 15 mL 40K . 
EDLA 2.5% treatment results in a Cmax of 54719.2 n^ 
ng/mL*h. 

Therefore, it appears as though the tissue Cmax and AUCt for bupivacaine 
delivered as 40K EDLA do not demonstrate dose-proportionality over the two doses 
tested with the cunent sample size, regardless of whether the dose is increased by 
increasing the injection volume or the concentration. Although the higher dose does 
result in d higher tissue bupivacaine Cmax and AUCt, a dpubling of the dose does not 
result in a precise doubling of these endpoints. 

The mean tissue tmax for bupivacaine is roughly similar for the three 40K EDLA. 
:treatment5. where the concentration administered was 2.5% (31.6, 33.7, and 32.8 hours), 
whereas the mean tmax for 40K EDLA given at a 1 .25% concentration was 
apprpxiniately half as long (15.0 hours). This would suggest that the tmax is dependent 
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on the concentration of 40K EDLA administered; this occurred despite an identical total 
40K EDLA dose for the 7.5 mL 40K EDLA 2.5% and 15 mL 40K EDLA 1.25% 
treatments. The mean tissue tmax for either AB treatment (0*5 and 1 .9 hours) was much 
shorter than that of any EDLA treatments. 

The mean tissue tl/2 for bupivacaine was sUghtly lower for the two 1^ mL 40K • 
EDLA 2.5% treatmente (32,6 and 2^.0 hours) versus the 7-5 mL 40K EDL^ 
treatment (46.3 hours) and the 15 mL 40KEDLA 1.25% treatment (49.1 hours), although 
there was large variability. The mean tissue tl/2 for bupivacaine delivered as AB (34.0 
and 36.4 hours) showed some similarity with the tl/2 of bupivacaine deliveied as 40K 
EDLA. 

The mean tissue MRT for bupivacaine was rougt^y imifoim across the diffmnt 
40K EDLA treatments (42.4, 41.7, 39.1, and 41.0 hours) and was consistently longer than 
ttiat of either AB treatment (14.6 and 14.2 hours). 

The reliability of the microdialysis methodology iii measuring local tissue 
concentrations ofdexamethasone was also assessed by determming the similarity of the 
tissue pharmacokinetic metrics of dexamethasone obtained at different sites using 
identical doses of 40K EDLA. For the two 15 mL EDLA 2.5% treatments, the mean 
tissue Cinax (91.5ng/mL vs. 973 ng/mL) and AUa (2495.8^ 
obtaiiied were roughly similar, indicating that the microdialysis method can reliably 
detect similar peak arid total dexamethasone exposure following a similar dose of 
dexamejChasone delivered as 40K EDLA at 2 differwt sites. 

The relationship between 40K EDLA dose and tissue dexamethasone ' 
concentration was exaniined by comparing the tissue pharmacokinetic metrics of 
dexamethasone obtained at different sites where different doses of 40K EDLA were 
delivered. Although the 1 5 mL 40K EDLA 2.5% treatment delivers twice the dose of 
dexamethasone as the 7.5 mL 40K EDLA 2.5%, the Cmax measured by the assay for the 
15 mL 40K EDLA 2.5% treatment was less than double that of the 7.5 mL 40k EDLA 
2.5% treatment (58.4 vs. 91.5 ng/mL), although there was large variabiUty. Similarly, the 
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AUa for the 2 treatments (183 1.2 vs 2495.8 ng^niL^h) do not reflw^^ 
exposure between the two treatmmts, possibly due to large vaiiabi^ Since the 
injection volume differed betwieen the 2 treatments, it is likely that this difference may 
. have affected the total dose of dexs^ethasone delivered to the tissue. 

Comparison'of 2 treatments in which one delivm twice the dose of 
dexamethasone.but delivers the same injection volume (IS mL 40K EDLA 1.25% vs.' 15 
mL 40K EDLA 2.5%) also does not demonstrate a doubling of the Cmax for . 
dexamethasone (62.2 vs. 97^3 ng/mL), although the AUCt between the 2 treatments is 
roughly double (1 396.5 vs. 2723.6 ng/mL»h). Again, the large variability, and the 
relatively small sample size may have contributed to the lack of dose-proportidnality. 

Therefore, as for bupivacaine, the tissue Cmax and AUCt for dexamethasone do 
not show acceptable dose-proportionaUty over the two doses tested, regardless of whether 
the dose is increased by increasing the injection volume or the concentration. Although 
the higjier dose does result in higher tissue bupivacaine Cmax and AUCt, a doubling of 
the dose does not consistently result in a doubling of these metrics. 

The tmax for dexamethasone was fairly consistent across 40K EDLA treatments 
(9.1 , 7.4, 9.5 hours), except for a value of 95.2 hours that greatly skewed the mean of the 
7.5 mL 40K EDLA 2.5% treatment (24.0 hours). The tl/2 was somewhat more consistent 
across 40K EDLA treatments (20.8, 21.4, 26.9, 19.0 hours), as was the MRT (31.7, 283, 
25.2, 26.9 hours).. , * . 

Pharmacodynamics Results 

Analysis of pharmacodynamics results was performed using data fibin the 
Evaluable for Efficacy Population. 

Sensory Testing Results Over Time: Part One 

Tables J-12(A), J-12(B), J-12(C), and j-12(D) present the results of sensory testing over 
time in Part 1 for Pin-Prick, Somesthetic, AVDT, and HPDT testing, respectively. 
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TABLE J.12(A) 

Pin-Prick Testing Results® Over Time: Part 1 



Evaluable for EflSg^cy Population 





15iiiL40KEDLA 


15mL40KEDLA 


15mL40KBDLA 








2.5%' 


2.5% 


2J% 


;15n]LAB0.S% 


15ihL ABO.5% 




' unilateral 


risht 


left 


•rieht 


left 


. Baseline 








■ 




N 


4 


4 


4 


4 


4 


MeanifeSEM 


2.0±0 


. 2.0±0 


2.0±0 


2.0 ±0 


2.0 ± 0 


Median 


ZO 


2.0 


2.0 


2.0 


2.0 . . 


Nfin,Max 


2,2 


2.2 


2,2 


2.2 


2,2 . 


30 min 












N 


4 


4 


4 


4 


4 


Mean'd:SEM- 


- t.3i:0.3. 


1.0±0.4 


1.0±0.4 • 


0.5 ±0.3, 


0.3 ±0.3 


MediaD 


LO 


1.0 


1.0 


0.5 


0 . 


Min«Max' 


1,2 


0,2 . . 


0,2 


0,1 


O.l 


Lh 












N 


4 


•4 


4 


4 


4 • 


MeandbSEM 


1.5 d: 0.3 


. 0.5:1:0.3 


1.0±0.4 


. 0.8 ±0.3 


0J±0.3 


Median- 


1.5 


0.5 


1.0 


J.0 


0 


Min^ax 


^2 


0,1 


.0,2 




0.1 


3h 












N 


4 


.4- 


4' 


. 4 


4 


Mean:fcSEM 


1.0 d5 0.4 


1.0 ±0.4 


1.0 ±a4 


0.5 ±0.3 


0±0 


Median 


1.0 


1.0 


1.0 


0.5. 


0 


Min,Max 


0,2 


0,2 


0^. 


0.1 


0,0 


ib 










N 


4 


4 


4 


4 


4 


MeandbSBM"- 


0.8 0.3 


0.8 ±0.5 


, 0.5 ±0.3 


0.8 ±0J 


. 03±0J 


Median 


1.0 


0.5 


0.5 


l.O 


0 


MinA<ax 


0,1 


0,2 


■ 0.1 


0.1 


0,1 . 


12 h 


* 










N 


4 


' 4 


. .4 


4 


4 ' 


Meani:SEM 


0.3 ±0.3 


0±0 


0.8 ±0.3 


o:5±o.3 


: 03±0.3 


Median 


0. 


0 


1.0 


0.5 


0 


Min.Max . 


0.1 . 


0,0 


0.1 . 


•0.1 


0.1 


2tb . 




• 


N 


4 


4 


4 


4 


4 


MeaniSEM 


0.3 ±0.3 


a5±0.3 


0.8 ±0.3 


. 1.5i;0.3 


1.0 ±0 


Median 


. 0 


. 0;5 


1.0 


1.5. 


1.0 


Min,Max 


0,1 


A 1 

0,1 


A 1 

0,1 


If2 


M. 


m . 












N 


4 ... 


4 


4 


4 


4 • 


Mean±S£M 


0.3*0.3 


0J±0.3 


0±0 


1.8 ±0J 


. 2.0±0 . 


Median 


0 


0 


0 


2.0 


2.0 


Min,Max- 


0.1 


, 0.1 


0,0 


1.2. 


2.2 . 


72 h 












N 


* 4 ' 


3 


3 


4 


4 • • 


'Mean:l:SEM 


0.3 ±0.3 


1.0 ±0.6 


0.7 ±0.3 


2,0±0 


1.5 ±0.3 


Median 


0 


1.0 


1.0 


2.0 


1.5 


MinJMax 


0,1 


0^ 




2,2 


1.2 


96 h' 












N 


4 


4 


• 4 


4 


. 4 


MeandbSEM 


. 0.3 ±0.3 . 


1.3 ±0.5 


1.8 ±0.3 


1.8 ±0.3 


1.8 ±0.3 


Median 


0 


•1.5 


ZO 


2.0 


2.0 


Min,Max 


0.1- 


02 


U 


. 1.2 


U 
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TABLE J-12(B) 
Somesthetic Testing Results* Over Time: Part 1 



Eygluable for Efficacy Population 





15.mL40KEDLA 


i5mL40K:BDLA 


15mL40KBDLA 








2.5% 


2.5% 


23% 


15mLAB03% 


l5mLAB03% 




unilateral 


riaht 


left 


risht 


left 


Baseline 
N 


3 


4 


4 


4 . 


4 


MeanrkSEM. 


1.0:^0 


0.18 ±0.3 


1.0 ±0 


l.OiO 


1.0±0 


. Median 


• l.O 


1.0 


1.0 


. l.O. 


1.0, 


Min^Max 


l.l 


0.1 


.1.1. 




l.l 


30nim 












N 


4 


. ' 4 


4 


4 


4 


Mean 


0.3 ±03 


03 ±0.3 


03 ±03 


0±0 


0±0 


Metfian 


0 


0 


0 


0 


0 


Min^fax 


0,1 


0,1 


0,1 


. 6,0 


0,0 


Ul 












N 


' 4 


4' ' • 


4 


4 


4 


Mean^SfiM 


04:0 


03 ±03 


0±0 


■ 0±0 


0±0 


Median 


0 


0 


0 . 


0 


0 


Min,Max 


0,0 


0,1 


. 0,0 


0,0 


0.0 


"Ul 












N 


4 


4 


A 


4 


4 


MeandbSBM 


OdbO 


03 ±03 


■ 03 ±03 


03±03 


0±0 


Median 


0 


0 


* 0 


0 


0 


Min,Max 


0,0 


0,1 


0,1 


0.1 


0,0 • 


ii 












N 


4 


'4 


4 


4 


4 


MeaniiSBM 


" 0±0 


0±0 


0±0 


0±0 


0±0 


Median . 


0 


0 


0 


0 


0 . 


Min,Max 


0,0 


0.0 


0,0 


0,0 


0.0 


12 h 












N. 


4 


4 


4 


• . 4 


4 


MeandbSEM 


0.3*0.3 


03 ±03 


03 ±03 


0±0 


. 0±0 


Median 


0 


0 


0 


0 


0 


Min,Max 


0,1 


0,1 


0,1. 


0,0 


0.0 


24h 








• 




N 


4 


• 4 


4 


4 


4 


Mean^ SBM 


0.3:fc03 


0.5 ±03 


03±03 


03 ±03 . 


0±0 


Median 


0 . 


0.5 


0 


0.5 


0- 


Mtn^ax 


0,1 


0,1 


0,1 


. 0,1 


jO,0- 


48 h • 












N 


4 


4 . 


4 


4 


4 • 


MeandbSBM 


0.3±03 


. 03 ±03 


0±0 


l.0±0 


0.5 ±03 


Median 


. 0 


0 


0 


1.0 


03 


Min^ 




0.1 


0,0 


1,1. 


0,1 


72 h 












N 


4 


3 


3 


4 


4 


Mean SBM 


. 0±0 


0±0 


03 ±03 


1.0 ±0 


03 ±03 


Median 


0 


0 


0 . 


l.O 


0.5 


Min^ax 


0,0 


. .0.0 


0.1 . 




0.1 


96h 












N 


4 


4 


4 


4. 


4 


Mean ± SBM 


0.3*0.3 


: 0.5 ±.03 


03 ±03 • 


l.0±0 


1.0±0 


. Median 


0' 


03 


0 


1.0 


1.0 


Min,Max 


0.1 




0.1 


l.l 


l.l 
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TABLE J42f O 

Wannth Detection Threshold Testing Results* CQ Over Tiipe: Part 1 



Evalnable for EflScacy Population ' 





15mL40KEDLA 
2 J% 
unilateral 


15mL40KEDLA 
2.5% 


15mL40KEDLA 
. 2.5% 
left 


15inL ABO.5% 
right • 


15 mL AB 0.5% 
left 


Baselii^e 












fi 


4 


4 


4 


4 


4 


Mean±SEM 


40.1^:2.6 


• * 44.3 ± 1.3 


43.6 ± 1.2 


43.2 ±1.2 


40.9 ±1.0 


Median 


4Z6 


43.5 


43.7 


42.1 


40.8 


Min,Max 


32.2.42.9 


4Z2,47.9 


40.6,46.3 


41.6,46.8* 


38.4,43.5 


30 Twin 


• 










n 


4 


3 


3 


3 


3 


Mean:feSEM 


47.1:1:1.2 


50Jdb0.4 


48.2 ±0.2 


50.4 ±0.6. 


51.0±0 


Median 


47J 


49.8 


48.2 


51.0 


51.0 


Mtn,Max ' 


44.6,49.1 


49.6,51.0 


47.8,48.5 


49.3,51.0 . 


51.0,51.0 


Ui 












n 


4 


4 


4 


4 


4 


McaniSEM 


46.8±1.7 


50.0 ±6.6 


50.0 ±0.9 


49.8 ±0.7 • 


"49.2 ±1.8 


Median 


46.7 


. 50.1 


. 50.8 


50.2 


51.0 


MihiMax ' 


42.8,51.0 


48.6,51.0 


47.3,51.0 


•47.9,51.0 


43.7,51.0 


Ih 












n* 


4 


4 


4 


4 


4 


MeandkSfiM 


47.5:^0.4 


51.0 dbO 


49.3 ±1.7 . 


50.3 ±0.7 


49.6 ±1.5 


Median 


47.4 


51.0 


51.0 


51.0 


51.0 


Min,Max 


46.6,48.7 


51.0,51.0 


. 44.1,51.0 


48.1,51.0 


45.2.51.0 


ih 












.n 


4 


4 ■ 


4 


' 4 


4 


Mean:kSEM 


46.8 db 1.8 


51.0i:0 


47.8 ±1.6 


49.8 ±1.3 


49.8 ±1.2 


Median 


46.2 


51.0 


47.8 


51.0 


51.0 


MinAfax 




51.0,51.0 * 


.44.5,51.0 


46.0,51.0 


46.2,51.0 


m 












n 


4 


4 


4 


4 


4 


MeandbSEM 


48.5 :k 2.0 


50 J A 0.5- 


50.1 ±0.7 


50.0 ±1.0 


49.7 ±1.4 


Median 


50^ 


51.0 


50.5 


51.0 


51.0 


Min,Max 


42.5,51.0 


49.1,51.0 


48.2,51.0 


47.1,51.0 


45.6,51.0 • 


2ili 












ii 


4 


4 


4 


4 


' 4 


Meand:SEM 


46.3 db 1.8 


51.0 dbO 


50.2 ±0.8 


.45.3 ±2.2 


43.2 ±Z3 


Median 


46.3 


51.0 


51.0 


44.9 


42.5 


Min»raax 






At CI A 
/.op 1 .U 




4fl K AO 1 


48 h 












n 


4 


4' 


4 • 


4 


4. 


MeandbSEM 


44.8 db 4.5 


48.5 db 2.5 


47.9 ±2.0 


* 38.7 ±3.7 


40:8±3.0 


Median 


48.2 


51.0 


49.1 


37.8 


38.9 


Mb^ax 


31.8,51.0 


40.9.51.0 


42.5,51.0 


31.4,47.7 


36J,49.0 


n 


4 ' 


3 


3 


-4 


. 4 


Meani:SBM 


45.6 db 0.3 


44.6 db 4.4 


' 45.8 dl; 2.3 


39.2 ±1.1 


39.4 ±0.7 • 


Median 


45.5 


46.6 


45:5 


39.8 


39.9 


Mtn^ax 


45.1,46.2 


36.2,51.0 


. 41.9,50.0 


36.1,41.2 


37.5,40.4 


96h 












n 


4 


4 


4 


4 . 


4 


Mean db SBlA 


46.2:i:X4 • 


45.8 i: 1.2 


46.5 ±1.8 


40.5 ±1.8 


40.0 ±X3 


Median 


46.7 


45.5 


46.1 


40.2 


41.8 


Min,Max 


40:5.51.0 


43.4.48.7 


42.9.51.0 . 


37.1,44.3 


' 33.3,43.1 
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TABLE J-12fD^ 

Heat Pain Detection Threshold Testing Results* CC) Over Time: Part 1 



Evaluable for Efficacy Population 





1 < mT AfiV OTVr A 

13 mL 4uK. 6i/lJi. 
2.5% 
unuBicni 


13 mL 4UK. CULA 

*> CO/ 

Z.37^ 


■Cm 


13 uuU rVD U.J/0 




left 


Baseline 












n 


4 


4 


4 


A 

4 


A 
*f 


Meand: SEM 


46.1 ±0.3 


49.7 ±0.9 


il O f _l_ A A 

48.7 ±0.9 


48.9. ± 1.0 


4/.0± 1.^ 


Median 


45.9 


50.3 


AO £ 

48,6 


CA ^ 

. 3U.3 


AH < 

48.3 


Mm,Max 


AC ^ AC O 

45.7,4o.o . 


Ai o CI n 
4/.2,31.U 


•40.0,3 1.U 


44.1,31.U ' 


AA 0 AO A 


30 miff • 












n ; 


4 ' 


3 


3 


, • 3 


3 


^eandbSBM 
Median 


50.7^0.3 


50.7 ±0.3 


. 50.0 ± 0.6 


50.4 ± 0.6 


5i.0±0 


51.0 


51.0 


502 


51.0 


51.0 




49.8,51.0 


50.li51.0 


. 48.9,51.0 


• 49.3,51.0 


CI A C 1 A 

Sl.Opl.O 


Ih 












n 


4 . 


4 


4 


4 


4 


Meaa^S^ 


. 50.3 ±0.5 


51.0±0 


.50.7 ±0.3 


49.8 ± 0.7 


49,2 ±1.8 


Median 


50.6 


51.0 


51.0 


50.2 


51.0 • 


Minjilax 


49.0^1.0 


51.0,51.0 


49.9,51.0 


47.9,51.0 


• 43.7,51.0 


ih 


* 


• • 








n 


4 


• 4 


4 


4 


4 


MeandbSBM 


49.3 ±0.7 


51.0±0 


50.6 ±0.4 


50.3 ±0.7 


49.6 ±1.5 


Median' 


49.0 


51.0 


51.0 


51.0 


51.0 . 


Min^Iax 


48.2,51.0 


51.0,51.0. 


49J.51.0 • 


48.1,51.0 


45.2,51.0 


6h 












N 


• 4 


4 


4 . 


'. 4 


4 


Meani:SEM 


48.2 ±0.9 


51.0±0 


49.9 ±0.8 


49.8 ±1.3 


50.8 ±0.2 


Median ■ 


48.7 


.51.0 


50.4. 


51.0 


5i.0 


Miii,Max 


45.6,49.9 


51.0,51.0 


47^641.0 


46.0,51.0 


50.1.51.0 












- 


N i 


4 


4 


4 


4 


4 


Mean^SEM 


50.0 ±0.7 


5I.0±.0 


51.0±0.I. 


50.1 ±1.0 


50.0±1.0 


Median ; 


50.3 


51.0 


51.0 


51.0 


51.0 


Min>fax. 


48.2.51.0 


51.0.51.0 


50.8,51.0 


47.2,51.0 . 


47.0,51.0 


2ih 












n . 


4 


4 


4 


•4 


4' 


Mean^SBM 


48.3 ±1.1 . 


51.0±0 


50.7 ±0.4 


46.8 ±2.3 


45.4 ±2,4 


Median 


48.6 


. 51.0 


51.0 


47.9 


46.9 


Mill Mav 




3l.U,31.U 


4y«0.31«U 


An 9 < 1 A 


30.3,*iy.J 


48 h 












,n 


4 


4 


4 


4 


4 


MeansbSEM 


47.6 ±28 


49.7 ±1.4 


50.4 ±0.4 


42.7 ±3.6 


43.7 ±2.8 


Median 


50.1 


51.0 


50.7. 


43.2 


43.8 


Miii^fax 


39.2^1.0 


45.6.51.0 


49.1,51,0 


35J,49.1 


•37.4.49.8 


72h 












n • . 


'4 


3 


' 3 


4 


4 


MeandbSBM 


46.7 ±0.5 . 


46.0 ±4.0 


47.8 ±24 


43.9 ±1.3 


43.7 ±1.5 


Median 


47.2 


48.8 


49.2. 


'44.0 


44.0 


Min^iax 


45.1,47.5 


38.1,51:0 


43.2i51.0 


40.9,46.9 


40.1,46.8 


96 h 










n 


4 • 


4 


4 


4 


4 


McanifeSBM 


48.0 ±1.5 


47.1 ± 1.4 


48.2 ±1.1 


45.6 ±X6 


44.3 ±3.4 


Median 


48.5 


46.6* 


48.1 


47.5 


46.7 


Min,MBx 


44.0,51.0 


44.4.50.8 


45.7.51.0 


38.0,49.4 


34.3.49.4 
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Sensory Testing Results OverTimet Part Two 
Tables J-13(A), J-13(B), M3(Q, and M3(D) present the results of sensory 
testing over time in Part 2 for Pin-Prick^ Somesthetic, WDT, and HPDT testing, 
respectively* . ^ . 

TABLE J-13fA1 

Pin-Prick Testing Results' Over Time: Part 2 



Evaluable for Efificacy Population 





7.5mL40K 


15mL40K 


15niL40K 


15mL40K 


15xnLAB 


15mLAB0.25% 




m)lA2.5% 


BDLA2.5% 


EDLA 1.25% 


EDLA 2.5% 


0.25% 


left 




r^ht 


left • 




left 




(n=4) 




(n-6) 




(n-5) 




(11-4) 




Baseline 














n 


6 


6 


5 


. 5 ' 


4 


4 


MeanrfeSEM 


. 2.6±0 


2.0±0 


2.0 ±0 


2.0 ±0 


* 2.0±0 


2.0±0 


Median 


2.0 


2.0 


2.0 


2.0 


. 2.0 


2.0 




2.2 


2.2. 


2,2 


2^ 


2,2 


2.2 


3Qmin 














D . 


6 


6 


^ 5 


5 


4 


4 


Mean^SBM . 


1.3*0.2 


1.3 ±0.2 


1.6 ±0.2 


1.0 ±0 


1.0±0 


1.0±0 . 


Median 


1.0 


1.0 


2.0 


1.0 


1.0 


1.0 


Min,Max 


1,2 


1>2 


1.2. 


1>1 


1.1 


M . 


Ih 














n 


6 


6 


5 


5 


4 


4 


Mean±SfiM 


1.2 ±0.2 


1.0 ±0.3 


0.8 ±0.2 


1.2 ±0.2 


0.8 ±0.3 


0.8 ±03 


Median 


1.0 


1.0 


. 1.0 


1.0 


1.0 


1.0 


Min,Max 


1,2 


0.2 


0.1 


L2 

? 


0,1 


0,1 


aji 












n / 


•6 


6 


5 


5 


. 4 . 


4 


Mean^SEM 


* 0.8 ±0.2 


0.7 ±0.2 


1.0 ±0.3 


0.8 ±0.2 


l.0±0 


1.0 ±0 


Median 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


Min,Max 


0.1 


0,1 


0,2 


0,1 


1,1 


1.1 


Hi 














n 


6 


6 


5 


. 5 


4 


.4 


MeanrkSEM 


0.8 ±0.2 


0.5 ±0.2 


1.2 ±0.4 


1.2±0.2 


0.8 ±03 


0.8 ±03 


Median 


1-0 


0.5 


1.0 


1.0 


1.0 


1.0 


Min,Max * 


0,1 


0,1. 


0,2 


1,2 


0.1 


0,1 . 


liil 














n* 


6 


6 


: 5 


5* 


4 


4* 


MeandbSEM • 


0.7±0.2 


0.5 ±0.2 


0.8 ±0.2 


1.2±0.2 


1.3 ±0.3 ' 


13 ±03 


Median 


1.0 


0.5 


1.0 


1.0 


1.0' 


1.0 


Min,Max 


0.1 


0.1 * 


0.1 






1.2 


24 h 
















6 


6 


5 


. 5 . 


4 


4 


Meani:SEM 


• • 0.8 ±0.2 


0.5 ±0.2 


0.8 ±0.2 


0.8 ±0.2 


1.3 ±0J 


13 ±03 


Median 


1.0 


0.5 


1.0 


1.0 


1.0 


1.0 


Mtn,Max 


0,1 


0.1 


0.1 


<^.l 




1,2 . 


m: 




i 










n 


6 


6 


5 


5 


4 


4 


Mean^SEM 


0.7 ±0.2 


0.7 ±0.2 


0.8±0J 


0.4 ±0.2 


1.8 ±0J 


1.8 ±03 


Median 


1.0 


1.0 


1.0 


0 


2.0 • 


2.0 


Min^fax 


. 0,1 


0,1 


0.1 


0.1 


la 


1.2 


22i 














n 


6 


6. 


5 


• 5 


A 


4 


MeaniiSEM 


0.8 ±0.2 


0.7 ±0.2 


0.8 ±0.4 


0.8 ±0.2 


2.0 ±0 


2.0 ±0 


Median 


1.0 


. 1.0 


1.0 


1.0 


2.0 


2.0 


Mih,Max 


0.1 


. 0.1 


o;z 


o.r 


.2,2 


2,2 


2&J| 














n 


6 


6 


5 


5 


4 


4 ' 


Mean^SEM 


1.2 ±0.2 


0.8±0Jt . 


1.6±0.2 


I A ±02 


2.0 ±0 


zo±o 


Median 


l.O 


1.0 


271X0 


1.0 


2.0 


2.0 


Minjvfax 




0.1 


1.2 


1,2 




2,2 
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TABLE J-13nB> 
Somesthetic Testing Results* Over Time: Part 2 
Evaluable for Efficacy Population 





7JiiiL40K' 


t5iDL40K 


15mL40K 


15tnL40K 


15inLAB 


15mLAB0.25% 




EDLA2J% 


EDLA 2.5% 


EDLA 1.25% 


EDLA 5.5% 


0.25% 


left 




riKht 


left 


right 


left 


right 


(n=4) 




« V.tI2iz 


vjz:}^! 


_ 








n 
II 


* 5 


5 


5 


, • . 5 * 


* 4. 


4 


MeandbSEM 


0.5 dbO^ 


0.5 ±0.2 


1.0 ±0 


1.0±0 


1.0±0 


. i.o±.o 


Median 


.' . 0.5 - 


0.5 


1.0' 


• 1,0 


1.0 ' 


1.0 • 


Kiliti K^nv 
iviii1(Itusa 




0 1' 


11 
1.1 ' 


11 
l.i 


\ 1 


1 1 
*i* 


min 














n , f, i 




P 


5 


c 

? 


4 


4 


Mpfln ^ <SKK/r 




flfi^Ol 
u.o X v«*> 


V* V X V.A 




O^feO' 

V S V 




0 


0 


l.O 


1.0 


0 


• 0 


Kif in nXav 

lyiiUyiviaA 


0 1 


0 1 


0 1 
U.I 


0 1 


00 


00' 


1 W ' 

iJl 














n ■ .' 


fi 
O 


u 


c 




A 


* 4' 




n 1 -1- n 7 


A 9 4. A 9 


' A A4. A 9 


A J. A 




U X u 




n 

u 




A 


0 
U 


A 

V 


A 
v 




n i 
U,l 


A 1 
0,1 


0,1 


A A 

0,0 


A A 


A A * 
0,0 


3Jl 














n . 


•o 


0 








4 




A J. A 
0 ± 0 


0±0 


0.2 ±0.2 ■ 


A J. A 

. . 0± 0 


A 4. A 


A a. A 

U X U 


Median 


A 
U 


A 
1/ 


A 

U 


A 
V 


' A 


A 


Mm»N^ax 

iiV ■ • 


A A 

0,0 


A A 

.0,0 


A t 

0,1 


A A 

0.0 


A A 

0,0 


A A 

0,0 


0 - ; ^. • 


£ 

0 


0 


5 


5 


4 


4 


J. CDKil 

i|4ean± 2>ilM 




A 1 X A 1 


A 4. n 


A^ A 


' A 4. A 


A i. A ' 


Median 


A 


A 


A 


A 


A 

V 


Min,Max 


n 1 
0,1 


0,1 


A n 


* AA 
0,0 


A A 

0,0 


A A 
0,0 


iz n 








i 






n - 


p 


0 


< 


< 




A 


IVlCail X ORWl 


V X V 


0 4- A 
1/ X V 


A 4. A 

V X V 


A 9 4. 


A '4. A 
W X w 


A 'I ^ n't 

V.J X V.J 


iviCTJiali 


A 

V 


0 


0 


0 ■ 


. 0 


• . 0 


IVLin,iiriaA. 


n A 


rfo 


A A 


A 1 


n 0 


0 1 
















• n 








5 


A 


4 


Mean:kSBM • 


0.2*0.2 


0.2 ±0)2 


0±0 


0±0 


0.3 ±0.3 


0.5 ±0.3 


' Median ' 


b 


or' 


0 


0 


0 


0.5 


Mm.Max 


0,1 


: o.f 


. 0,0 


0,0 


0,1 


.0,1 


48 h 














6 


6 


5 


5 


4 . 


' 4 


Mqh±S£M 


0.3 db 0.2 ' 


0.2 ±0.2 


0±0 


0±0 


0.5 ±0.3 


0.8 ±0.3 ' 


Median 


0 


0 ' 


0 


0 


0.5 


1.0 


Min,Max 


0,1 


■ 


0.0 


0,0 




0,1 
















n 


6 




5 


5 


4 


"4 


MeandbSEM 


0.5 ±0.2 . 


' 0:fcO 


0±0 


. 0±0 


0.8 ±0.3 


i.d±o 


Median 


0.5 




0 


0 


1.0 


1.0. 


* Min,Max 


0.1 


OjO. 


0.0 


0,0 


0,1 


i.i . 


• m 














n 


6 


6 


5 


■ 5.. 


4 


. 4 • 


Mean :t SEM 


0.5 ±0.2 


0.3 ±0^2 


0.2 ±0.2 


0±0 


1.0±0 


1.0±0 


Median 


0.5 


0 


0 


0 


1.0 


1.0 


Min,Max 


0.1 . 


0.1 


0.1 


0.0 


1.1 


l.l 
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TABLE J-13fO 
WDT Testing Results" ("C) Over Time: Part 2 ' 



Bvaluable for EflScacy Population 





7.5 mL 4Ulv 


1 K mT Ai\V 
13 niL4UK 


1 C mf AMT 

I J UlLr <IUA. 


1 S fnT ddlC 


1$ mL AB 


15 niLAB025% 




oJLlLA 2.37% 


nrrvT A o ^o/l 
cUJL<A. Z,J fy 






0.25%' 


lefk 




nght 


lezt 


ngni 


left 


rio4it 








, i 










paSCIlQC 

n 


0 


0 


< 
J 


< 


4 


4 


Mean x ScM 


4U.0 3: 1.2 






. J r.t X 




38.7 ±1,4 


Median 


Ail 

41,7 


4U.1 




1^ a 




38.6 


Win K/av 








34.1,40.5 


3Z6,42.8 


. 35.7,42.0 
















n 


6 


. 0 


5 


c . 
J 




A 
•r 


Mean JbSEM 


45.6 db 1.2- . 


44.2 ±1.1 


44.6 ± 1 .7 


45 . /. ± 2. 1 


47 C 4- t 0 . 


^fi ^ 4. A Q 


Median 


45.1 


,44.9 


45.9 


AO t 

48.1 


• 4o.l 


A7 0 


Min^ax ' 


A*% A >IO C 

. 42.0,49.5 


. At\ n At t 
40. /,4 / , / 


A(l A AO 1 






46 6^1 0 


- Ih 






• 








n 


6 


6 


5 ' 


5 


4 


4 


.Meand:SEM 


45.9 ± 1.0 


43.4 ± 1.7 


43.2 ±1.9 


46.0 ± 1.8 


ilA £ _L A 0 

49.0 ± 0.5 


AC C ^ 1 ^ 

45.5 ±1.7 • 


Median 


46.0 


435 


45.1 


45.8 


49.9 


46.1 


Min,M8X 


42.6,49.8 


38.9,48J 


, 35.9,46.7 


o d A 

40.2pl.O 


At 0 CI A 

47.0,5 1.0 


AA fi AQ 1 


ih 














n 


6 


6 


5 


5 


4 


4 


MeandbSEM 


44.8^0.8 


46.0^1.7 


45.3 ±1.9 


47.1 ±1.3 


47.4 ± 1,8 


- 45,3 ± 1.8 


Median 


45.1 


• 44.8 


. 47.6 


. 47.3 


47.2 


• 45.0 


Min^ax 


42.4,47.4 


^ 42.0,51.0 


40.1,493 


At A Atk A 

42.6,49.9 


AA A <l A - 

44.0pl.O 


'A1 is AO < 
41.0,47.5 










• 






n 


6 


6* 


5 


5 


4 


4 


• MeahdbSEM 


47.1 ^ l.l 


47.7 ±1.0 


44.7 ±Z3 


46.0 ±2.1 


44.4.:fcl.5 


44.6 ± 1.5 . 


Median - 


47.1 


47.7 


• 44.8 


44.4 


45J 


AA n 

44.7 


MinJMax 


43.9.51.0 


44.3,51.0 - 


39.3pl.O 


A\ ASIA 

.41.0,5 1.U 


Afi t AA ft 
40i2i40.o 


AA 0 Aft 1 


IM 






• • 








n 


5 


5 


4 


4 


4 


■ 4 * 


MeanJiSBM 


47.7 ±1.5 


48.5 ± 1.5 • 


46.1 i:2.5 


50.2 0.8 


47.7 ± 0.6 


CA 0 ^ A Q 

50.2 ± 0.0 


Median 


47.6 


51.0 


48.4 


51.0 


At A 
47.0 


' ' CI A 

51.0 


Min,MflK 


43.5.5 1.0i 


AA C ffl A 

44.5pl.O ' 


'XH t AQ A 

■3o. f ,41^.0 


At tt 41 n 


AAA Aft Q 




24h 














n ' 


6 


6 


5 ■ 


* It 

5 


4 


4 


. MeandbSEM 


44.9:ft:U 


46.3 ±2.5 


48.4 ± 1.2 


49.8 ± 0.7 


43.2 ± 1.2 . 


At >l ^ 1 1 

42.4 ±1.1 


Median 


• * * A9 K 

43.0 


• 4o.o 


At 7 




43.1 




Min^ 


41.6,51.0 


36.2,51.0 


44.7,51.0 


47.9.51.0 


40.6,46.1 . 


39.4,44.1 


48 h 














n 


6 


6 


*5 


5 


. 4 


• 4 


MeanrfeSBM • 


45.4 ±.1.7 


45.9±1.S| 


46.2 ±1.1 


49.0 ±U 


39.6 ±1.0 


41.4±li 


• Median 


46.0 


46.5 


46.6 


49.4 


39.1 


42.6 


Mtn,Max 


38.6,51.0 


37.1,51.0 


42.5,48.8 


44.9,51.0 


37.8,414 


35.7,44.6 


72h 














n. 


6 


is 


5 . 


; -5 


. 4 


A 


Mean^SEM 


44.3 ±1.7 


45.6 ±1.2 


44.6 ±1.2 


45.2 ±1.7 


40.4 ±3.1 


40.8 ±1.0 


Median 


43.8 


45.3 


44.5 


46.3 


41.6 


. 40.6 


Mtn^ftu^ 


37.8,49.6 


42.0,49.9 


• 40.7,44.4 


40.4;48.9 


31.9,46.5 


38.8,43.0 


2&h 














n 


6 


6 


5 


5 ^ 


4 • 


4 


Meani:SEM 


.41.6 ±U 


40.6 ±0.8 


43.2 ±2.4 


44.8 ±2.0 


38.0 ±11 


38J±11 


Median 


42.6 


40.8 


40.7 


46.2 


' 38.0 


37.0 



■ 35.9.44.5 ' 38.3.42.6 38.U1.0 37.5.49.6 34.2.41.8 • 35.2,44.2 
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TABLE J-13fD) 
HPDT Testing Results* CC) Over Time: Part 2 



7,5mL40K 


15inL40K 


l5mL40K 


15inL40K 


ISmLAB 


I5mLAB0.2S% 


EDLA2,5% 


. £DLA2.5% 


EDLAl^5% 


BDLAZ5% 


0.25% • 


left 


right 


left 


right 


left 


right 


(11=4) ' 


(n=6) 




(n-5) 


(n-5) 


fn«4) 





N 

Meaiii:SEM 
Median 
Min^Max 
30 min 
N 

MeandiSBM 

Median 

Min,M8X 

Ih 
N 

Meand:SEM 

Median 

Min^ax 

ill 
N 

MeandbSEM 

Medlan- 

Min^lax 

&k 

N* 

Mean:l:SfiM 

Median 

Min,Max 

llh 

N 

MeanJiSEM 
Median 
Minjkiax 
24h 

;n 

MeanirSEM 
Median 
Min,Max 
48 h 

N . 

MeaniSEM 

Median 

Min^Cax . 

72h 

N 

Mean:i:SEM 

Median 

Min^ax 

96h 

N 

Mean SEM 

Median 

Min.Ma]C 



6 

44.5 db 1.3 
. 45.7 
38.7,46.9 

6 

46.8 i: 0.9 

46.1 
44.5,49.8 

6 

47.8 ±1.0 
47.6 

44.7,51.0 

6 

47.5 ±0.9 

47.2 
44.6,51.0 

6 

49.0 ±0.8 
49.1 • 
46.2,51.0 

5 

49.5 ±0,9 

51.0 
46^,51.0 

6 

46.3 ±1.4 

46.5 
40.9,51.0 

6 - 
47.5 ±1.2 

47.0 
42.8,51.0 

6 

47.3 ±1.6 

47.5 
40.7,51.0 

6 

43.9 ±1.4 
45.0 

37.6,46.9 



• 6 
44.0±l.l 

45.1 
38.5,45.7 

6 

47.4 ±1.2 

48.3 
43.2,50.2 

6 

46J±1.0 

46.5 
433,51.0 

6 

47.9 ±1.2 

47.9 
44.431.0 

6 

48.6 ±0.6 

48.0 
47.1.51.0 



50.1 ±0.9 

51.0 
46.4,51.0 

6 

46.9 ±2.2 

49.1 
37.8,51.0 

6 

48.3 ±1.5 

49.1 
41.1,51.0 

6 

47.? ±1.3 
48.1 . 
43.4,51.0 

6 

44.9 ±1.2 

45.4 
40.7.48.2 



5 

41.8 ±1.4 

42.7 
37.6,45.6 



46.6 ±0.9 
. 46.5 
44.5,49.1 



46.4 ±i.O 
46.4 * 
42.9,49.1 

■5 

47.2 ±1.2 

47.6 
43.8,51.0 

5 

47.7 ±1.7 
49.2 

43.3,51.0 

4 

46.8 ±1.8 
48.4 

41.4.49.0 

5 

49.2 ±0.8 
48.8 
. 47.4,51.0 

5 

47.7 ±0.9* 
47.0 

. 46.0,51.0 

5 

46.1 ±0.9 

45.9 
43.5,48.4 

5 

43.8 ±2.1 
41.6 

39.5.51.0 



5 

42.4 ±13 

42.6 
39.2.453 



473 ±1.4 

48.2 
433,51.0 

5 

47.1 ±1.4 
47.8 

42.8.51.0 

5 

48.2 ±1.0 
473 

45.9,51.0 



47.1 ± 1.8 

47.6 
4X9,51.0 

4 

49.4± 1.6 

51.0 
44.5,51.0 



50.4 ±0.6 

51.0 
47.9.51.0 

5 

503 ±0.5 

51.0 
48.9,51.0 

5 

47.4 ±1.1 
.46.8 
44.2,50.6 

5 

45.7 ±1:9 

46.7 
39.441.0 



4 

43.1 ±0.8 

4Z9 
41.5,45.0 

4 

50.7 ±03 

51.0 
49.7,51.0 

4 

^1.0 ±0 

51.0 
51.0,51.0 

4 

493 ±1.0 

^9.4 
473.51.0 

4 

48.0 ±2.1 
49.4 * 
42.3,51.0 

4 

49.6 ±03 

493 
48.7,51.0 

4 

46.0 ±0.9 

45.7 
44.1,48.4 

4 

443 ±0.7 

443 
43.0.45.7 

4 

44.4 ±1.8 

44.8 
39.9,48.1 

4 

42.4 ±1.7 

433 
37.6.45.5 



4 

43.0 ±0.7 
43.5 

41.0,43.8 

4 

50.0±'0.6 

50.1 
48.8,51.0 

4 

493 ±0.6 

49.1 
47.9,51.0 

4 

493 ±1.0 

49.4 
47.2,51.0 

4. 

47,9± 1.7 

48.6 
43.4,51.0 

4 

50.2 ±0.8 
. 51.0 
47.9,51.0 

4 

46.1 ±0.4 
46.0 

45.2,47.0 

. 4 
44.9 ±03 
. 44.7 
43.?,463 

4 

44.6 ±0.8 

44.8 
4Z4.46.2 

4 

42.8 ± 1.6 

43.6 
38.4,45.7 
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Pharmacokinetic-Pharmacoclvnafnlc Relationship 

Plasma Pharmacokinetlc-Pharinacodvnamic Relationship 

^ .■ * * ' * • . . 

The relationship betwem plasma concentrations of biq)ivacaine an.d sensory 

testing was examined for the unilatecal IS mL 40K EDLA 2.5% treatmmt in Part L For 

pin-prick testing, analgesia (score ^. 1 .0) was first obs^ed at .3 hours post-injection and 

was last observed at 96 hours post-injection. Plasma bupivacaine concentrations ' 

following unilateral 15 ml. 40K EDLA 2.5% treatment were decreasing between the 1 

and 6 hour observations, and therefore did not cozielate with the onset of analgesia. . 

Similarly, somesthetic test results were consistently 0 ((>»No, no change in temperature 

was perceived) at the 1, 3, and 6 hour obs^ations while plasma bupivacaine 

conceaitriitions were decreasing. Warmth detection threshold q>peared to be near. 

maximally increased fipm baseline across all post-injection time points, and did not - 

change with changing plasma bupivacaine concentrations. Heat pain detection thresholds 

did decrease sli^tly at the 3 ahd 6 hour observations, but also decreased at the 24 hour 

time point and latw while pla^a bupivacaine concentrations were rising. Therefore, it 

app(^ that local sensory testing is unrelated to the plasma concentration of bupivacaine 

foUowng administration of 15 mL 40K EDLA 2.5%. 

. . . " . ^ I- 

The relationslup between plasma concoitrations of bupivacaine and sensory 
testing was'also examined for the bilatei^AB 0.5% treatment in Plasma 
biq[)ivacaine cofiLcentrations following bilateral AB 0.5% treatment rapidly mcreased by ; 
30 minutes post-injection and then gradually decreased through 96 hours post-injection. 
Results across all Sensory tests dpnonstrated a roughly similar pattern that mirrored the 
plasma bupivacaine concentrations, with a maxinial or nearly maxm 
minutes post-injection and a gradual decline in Ihe effect tbrough 96 hours post-injection: 

Tissue Pharmacokinettc-Pharmacodvnamic Relationship 

The relationship between tissue concentarations of bupivacaine and sensory testing 
was examined for each ofthe treatments in Part 2. Across 40K EDLA treatments in 
general, bupivacaine tissue' concratrations increased with time to a maximum value at the 
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1 1 hour SO minute or 23 hour SO minute time points and then gradually decreased with 
time. For pin-prick testing, the mean scores generally d[ecreased over time to a minimum 
value that occurred between 6 and 48 hours before increasing again. For somesthetic 
testing, the mean scoxios decreased to a minimum value prior to 6 hours and g^eraUy 
. remained near minunum through the 96 hour time point For WDT mi HPDT testing, 
the maximal effect generally corresponded to the time window of the maximal 
bupivacmne concmtration (12*24 hotus post-injection). Therefore, it appears that for pin- 
prick, WDT, and HPDT testing that tissue bupivac^ine concentration following 40K 
EpLA treatment roughly cpnresponds temporally to sensory effect, although future 
studies would be necessary to demonstrate this conclusively. Across AB treatments in 
general, bupivacaine tissue concentrations were maximal at-1 hour post-injection and then 
gradually decreased through 96 hours post-injection. Results across all sensory tests 
demonstrated a roughly similar pattern to tissue bupivacaine concentrations, with a 
maximal or nearly maximal effect at 30 minutes post-injection and a gradual decrease in 
the effect through 96 hours post-injection. 

Changes in Local Blood Flow Over Time 

order to evaluate the effect of different volumes and concentrations of 40K 
EDLA oil local blood flow assessed by LASER Doppler, descriptive statistics on the 
percent change \fi blood flow velocity were calculated at each time point fqr each site at 
whicbl local blood flow was assessed for each treatment in Farts 1 and 2. For Part 1, ' 
Tables J- 1 4(A) and J- 1 4(B) present the percent change in local blood flow velocity over 
time for 40K EDLA and A3, respectively. For Part 2, Tables M4(C) and J*14P) 
present the percent change in local bipod flow velocity over time for 40^ EDLA and AB, 
respectively.. . / 
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TABLE 3-14(A^ 

Percent Change in Blood Flow Velocity Over Time for Part 1 : , 40K EDLA 





l5n]L40K 


l5mL40K 


15mL40K 




' 15niL40K 


15mL40K 


15 raL40iC 




EDLA 2.5% 


EDLA 2.5% 


EDLA 2.5% 




EDLA 2.5% 


EDLA 2.5% 


EDLA 2.5% 




nmlatml 


right 


left 




unitatNBl 


right 


left 


Baseline 






3 


12 hours 








N 


4 


3 


n 


3 


2 


2 


Mean 


0 


0 


0 


Mean 


9.7 


-32.0 


-3.5 


rkSEM 


0 


0 


0 


dbSEM 


19.6 


3.0 


52,5 


Median 


. 0 


0 


0 


Median 


16.0 


-32.0 


-3.5 


Miii,Max 


0.0 


0,0 


0,0 


Min^fax 


:27.0,40.0 


-35.0,-29.0 


7%0,49.p 


minutes 








- 




• 




n 


4 


3 


. 3 


n 


4 


3 


3 


Mean . 


222.8 


234.7 


146.7 


Mean 


r8.8 


-17.7 


-18.7 


±SEM 


55.4 . 


157.4 


61.3 


dbSBM " 


31.2 


22.7 


18.0 


Median 


259.0 


105.0 


107.0 


Median 


-2.5 


5.0 


-7.0 ' 


' Min,Max 


64.0,309.0 


51.0^48.0 


66.0,267.0 


MinJMax 


-86.0,56.0 


-63.0,5.0 . 


-54.040 


1 ho ur . 
n 






48 hours 








4 


3 


3 


n 


4 


■ 3 


3 


Mean 


60.3 


-1.7 


46.7 


Mean 


-28.0 


24.0 


34.0 


^sm 


39.0 


25.2 • 


61.3 


dbSEM 


15.2 


40.2 


36.0 . 


. Median ' 


37.0 


-15.0 


-7.0 


Median ' 


-35.5 


2.0 


17.0 


MtnAlax 


0.0,167.0 


.37.0,47.0 


-22.0,169.0 


Min,Max ' 


-56.0,15.0 


-32.0,102.0 


-18.0,103.0 • 


3hcmra 
n 






l?rh<>m ■ 








3 


3 


3 


n 


4 


2 


2 


Mean - 


-93.7 


-48.0 


-66.7 


Mean 


26.8 


-6.0 


39.5 . 




48.0 


29,7 


41.7 


irSBM 


18.7 


6.0 


40.5 


Median 


-99..0 


^7.0 


-60.0 


Median 


26.0 


-6.0 


39.5 


Min,Max 


-174.6,-8.0 


-100.0,3.0 . 


-14X0,2.0 


Min.Max 


• -7.0,62.0 


-12.0,0.0 


nl.0,80.0 . 


^ houfs 








96 hours - 








* n 


4 


3 . 


3 


n 


4 


2 


2 * 


Mean 


-11.3 


-45,0 


-29.7 


Mean 


26.0 


0 


18.5 


ifcSEM 


7.4 


26.0 


' 12.9 


dbSEM 


24.6 


2.0 


4.5 


Median 


-9.5 . 


^5.0 


-41.0 


Median 


24.0 


0 


18.5 


Mn].Max 


-31.0.5.0 


-90.0.0.0 


-44,0.-4.0 


Mtn,Max 


-29.0.85.0 


-2.0.2.0 


14.0.23.0 
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TABLE J-14fB) 



Percent Change in Blood Flow Velocity Over Time for Part 1: AB . 
Evaluable for Efficacy Population 



15inLAB0.5% 
Tisht 


15niLAB0.5% 
left 


. l5mLAB0.5% 
right 


lSniLABO.5% 
left 


Baseline 






12 houfs 






n 


4 


4 




3 


. 3 


Niean 


0 


0 


Mean * 


-14.0 


0.3 


^SBM 


0 * 


0 . . 


±SEM* 


37.3 


29.9 




0 

w 


0 


Mnlifln 


-1 1.0 


-15.0 






0,0 




•80 0 49 0 


-42.0,58.0 . 












- 














Q 


3 


3 


n * 


4 


4 


Mlcan 




• 141.3 ^ 


Mean 




WIS 


X CRM 




53.5 


4, CRM 




111.9 


Median 


v/.v 


135.0 . 


meoxan 




7.0 


miII*iVlaA 




510,237.0 


Mm Mav 


mAI A Al A 


-15.0,446.0 


1 hour ' 


3 




48 hours 






n 


3 


n 


4 


.4 • 


Meaii 


68.0 


97.3 


Mean * 


3.8 


. 15.8 


^SEM 


109.2 


54.9 


±SEM 


24.6 


12.3 


Median 


-IZO 


77,0 


Median 


-16.0 


17.0 


MiiU^ax 


-68.0^84.0 


14.0,201.0 


Min,Max 


-29.0,76.0 


-15.0,44,0^ 


3 hours 




72 hows 






n 


3 


3 


n 


4 


4 


Mean • 


39.7 


24.3 


Mean. 


0.8 


2.5 


i:SEM 


71.7 


11.8 


iSBM 


35.6 


24.9 


Median 


16.0 


13.0 


Median 


.-27.0 


-21.0 


Min,Max 


-71.0,174.0 


12.0,48.0 


Min^ax 


-49.0,106.0 


-25,0,77.0 


6 hour^ 






96 hours 






n , 


4 


4 


n 


4 


4 


Mean 


-38.8 


-i3:o 


M«an 


-22.8 


-2.0 


dbSEM 


23.6 


19.0 


±SEM 


. 26.8 


15.2 


Mo^ian 


-53.0 


-24.5 


Median 


-28.5 


4.5 


Mui,Max 


-78.0;i9.0 


-45.0;42.O 


Mhi,Max 


-78.0.44.0 


^0.0,23.0 
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TABLE J-14fC) 



- Pearcdit Change in Blood Flow Velocity Over Time fbr Part 2: ,40K EDLA 
Evaluabie for Efficacy Population 





7.5 mL 


15 mL 


ISfiiL 


15 mL 




7.5inL 


15 mL 


15 mL 


15 mL 




40K 


40K • 


40K • 


40K 




.46k: 


40K 


40K 


40!C . 




EDLA 


EDLA 


EDLA. 


EDLA 




EDLA 


EDLA 


EDLA 


EDLA. 




2.5% 


2.5% 


1.25% 


2.5% 




2.5% 


2-5% 


1.25% 


2.5% 




right 


left 


rifiht 


left 




right 


left 


ri^t 


left 


'Bsiselitie 










12 hours 










n 




•5 


* 5 . 


5 


N 


6 


6 


5 


5 


Mean . 


0 


0 


0 


0 


Mean 


-11.3 


-5.5 


-6.0 


. -9.8 


^ SEtA 


n 
u 


"0 


0 


0 


dbSBM 


13.0 


. • 16.8 


17.2 


34.4 


ATA W lull 


0 


0 


0 


0 


Median 


.17,5 


-9.5 


0 . 


-29.0 


IVAIIlylVAiUv 




00 


00 


. 0,0. 


Miii,Max 


-44.0. ' 


-50.0. 


•62.0. 


-79.0. 






44.0 


68,0 


45.0 


121.0 












24 hoiiis . 










n 


5 


6 


5 


5 


. n 


6 


6 


5 


' 5 




1104 


142 


86.8 


85.2 , 


Mean 


-18.3. 


-25.7 


-36.2 


-6.0 


X OCIYI 






46.9 


73.2 


J:SEM 


17.1 


9.6 


25.3 


22.4 


Mcaian 




1 1 A A 


1 17 0 


7^ 0 


jvicQion 




.21.5 


-44.0 


-22.0 










1 to n 


lYilll^lVLaA. 


-77 0- 


0 0 0 


-150 0 


-52 0 




J70.U 


4J0.U 


4IJ.V 


MO n ■ 


' 97 A 




^AO 


7ft 0 


1 hour 




















n 


0 • 


0 


< 


' ■ 


n. 


0 




5 


5 


Mean 


-52.5 


-26.7 


65.0 


18.0 


Mean 


-13.8 


-23.0 


-2.0 


46.8 


dbSBM 


25.0 


. 45.4 


41.9 - 


36.5 


d:SEM 


17.1 


17.5 


46.8 


37.1 


Median . 


.35.5 


..42.5 


73.0 


7.0 


Median 


-6.5 


-9.0 


3.0 


24.0 


Mm,Max 


-145.0, 


-178.0, 


-52.0, 


.53.0, 


Min,Max. 


-83.0, 


-100.0, 


-171.0, 


. -14.0, 


23.0 


121.0 


200.0 


154.0 




30.0 


20.0 


. 107.0 


190.0 


3houta 










72 honrB' 










.N 


5 • 


6 


5 . 


5 


N 


6 . 


6 


5 


5 


Mean 


4.8 


26*7 


-23.8 


-48.2 


Mean 


-31.2 


7.0 


93.6 


78.4 




13.7 


39.5 


35.5 


21.5 


±SBM 


13.9 


36.0 ' 


77.5 


31.5 


Median 


-4.0 


3»5 


-29.0 


-31.0 


Median 


-37.S 


-21.5 


10.0 


69.0 


. Min,Max 


-26.0. 


-51.0. : 


.107.0. 


-107.0, 


Min,Max 


-78.0. 


.53.0, . 


-17,0, 


-3.0, 


53.0 


2i5.0 


98.0 


13,0 




22.0 


- 183.0 


398.0 


182.0 


* 6 hours 








9fi hours 










n 


6 


6 ' 


5 


5 




6 


6 


5 


5 


Mean 


.42.8 


-21.7 


-3.0 


-14.6 


Mean 


-26.0 


-3.8 


.28.2 


-8,0 . 


dbSEM 


30.1 


10.1 


15.6 


16.0 


rfcSBM 


10.8 


21.9 


15.6 


26.4 


Median 


-25.0 


-28.0 


19.0 


4.0 


Median 


•21.0 


-20.5 


-41.0 


-26.0 


Min^fax . 


-185.0, 


-42.0. 


-48.0, 


-53.0, . 


Mih>4ax 


-65.0, 


• ^8.0, - 


-71.0, 


-70.0,. 




17.0 


24.0 


27,0 


22.0 




. -2.0 


97.0 


14.0 


83.6 
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TABLE J>14Q?) 



Percent Change in Blood Flow Velocity Over Time for Part 2: AB 
Bvaluable for Efficacy Population . 



lSmLAB0.2S% 


1 < mT AB A 1^9jL 
1 J luirf iVD /o 

leu 


• 


i5niLAB0.25% 
ri^dit 


15niLAB0.25% 
left 


Baseline 












0 


4 


4 


N 


4 


4 


' Mean 


0 ' 




Mean • 




-91.8 




0 


0 


X ocM 




26.2 ..• 


Median 


0 


A 


Mcaian 




-77.0 


Mui|Max 


0,0 


0,0 


Min,Max 






30 




24 hours 






minutes 
n 


4 


4 


n 


A 




Mean 


90.8 


17,0 


Mean 






. dbSEM 


85,8 


32.6 


±SEM 






Median 


19.0 


0 


Median 


f il c 


24 5 


Min,Max 


-21.0,346.0 


-39,0,107.0 • 


Min,Max 


-20.0,132.0 


-30.0,79.0 


1 hp ur ' 






48 hours' 






n 


4 


• • ' 4 . 


n 


i\ ' . 4 


4 


Mean 


.383 


-17 


Mean 


1.5 


-18.5 


J:SEM 


38.3 


10.6 


zbSBM 


- 14.4 


7.6 


Median 


13.0 


. -14.0 


Median 


5.0 


-17.5 


Min^ 


-22.0,149.0 


-44.0,4.0 


Min,Max 


-36.0-32.0 


-37.0,-2,0 


3 hours 




72 hours 






N. 


4 


4 


N 


4 


4 


Mean 


-33.0 


-37.8 


Mean 


-10.8 


-29.3 


±SEM 


16.4 


10.5 


J:SEM 


28,6 


23.0 


Median * 


-18.0 


-31.5 


Median 


-11.5 


-34,5 


Min,Max 


-82.0,-14.0 


-66.0,-20.0 


Mtn,Max 


-77.0,57.0 


' -70.0,22,0 


6hours 
n 


• 4 


4 


?^ hours 
n 


4 


4 


Mean 


-78;o 


-97.0 


Mean 


-5.0 


-26.0 


dbSEM 


4.7.0 


54.7 


^sm 


16.6 


11.1 


Median 


-54.5 


-56.0 


Median 


-3.0 . 


-26.0 




•202.0.-1.0 . 


.256.0.-20.0 


Min,Max 


-38.0,24.0 ' 


-48.0.-4.0 



Blood flow velocity inoreascd to ^proximately 85-235% of baseline across 40K 
EDIA groups at 30 ifiinutes post-injectioiL An increase in blood flow velocity was also 
seen with AB at 30 minutes (17-142% of baseline). Following the 30-minute time point 
for both 4dK EDLA and AB, blood flow velocity changed incdnsiste^ 
DiflFerences in blood flow velocity did not appear to be related to the concentration ot - 
volume of 40K EDLA administered. 



Efficacy and/or Pharmacology Discussion and Conclusions 

• TreatmMt with bilateral AB 0.5% resulted in a rapid distribution of bupivacaine 
(tmax»0.81 h) into the systemic circulation compared to either unilateral (59.4 h) oir 
bilateral (58.9 h) 4()K EDLA 2.5% treatment The peak and total exposure to 
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bupivacaine in flie plasma was approximately double for the bilateral 40K EDLA 

2.5% treatment versus the unilat^ 40K EDLA 2.5% treatment; the peak and total 

exposure to dexameihasone demonstrated a similiar dose-piopdrtional relationship. 

Across all treatnients, the plasma Crhax for bupivacaine as 40K EDLA was 

. consistently lower &ah that for AB, despite a larger total dose of bupiyacame m 40K 

EDLA-treated subjects* 

• The microdi alysis methodology measured a similar peak and total tissue exposure to 
biq)ivacaine at two different sites treated with the same dose of 40K EE^LA, and at 
two different sites treated with.the same dose of AB; tUs was also true for 
dexamethasone. Although the peak and total tissue exposure to bupivacaine as 40K 
EDLA increased with increasing dose, a doubling of &e delivered dose resulted.in 
less than a doubling of peak and total esqposure, regardless of whether the dose was 
increased by increasing volume or concentration; this was also true for 
duametbtasone. 

• Local s^ory testing appeared to be unrelated to plasma bupivacaine cbhcentration 
for tiie unilateral 1 5 mL 40K EDLA 2.5% treatment; however, local sensory test 
results roughly correlated wilfa plasina bupivacaine concentration for the bilateial iS 
mL AB 0.5% treatmrat. Local saosory test results did appear to roughly correlate 
with local tissue concentrations of bupivacaine delivered .either as 40K EDLA or AB. 

• ■ Local blood flow velocity increased at 30 minutes post-injection with both 40K 

EDLA and AB treatment, but was changed inconsistently by treatment at subsequent 
time points/ • 

• MRI testing under the current conditions' was concluded to have limited utility in 
future studies of 40K EDLA. 

SAFETY EVALUATION 

' Safety analyses were performed on all subjects who received study medication. 
Overall, a total of 28 subjects were included. Table J-15(A) presents.the incidence of 
local adverse events by treatm^t Table J-15(B) presents the incidence of systemic 
adverse events by treatmetit. 
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TABLE J-15fA> 



Incidence of Local Adverse Events 



Safety Population, 


N = 52 Unique 


Injection Sites 


.28 Subjects 




PART ONE 


PART TWO 




15 mL. 


13 mL 


15 mL 






7.5 mL 


15hfiL 




1 ^ mT 








40K 


40K 


40K 


15mL 


15 mL 


40K 


40IC 


40IC 


40K 


15 mL 


ISihL 




EDLA 


EDLA 


EDIA 


AB 


AB 


EDLA 


EDLA 


^LA 


EDLA 


AB 


AB 




2.5% 


2JH 


2.5% 


0.5% 


0.5% 


2.5% 


2l5% . 


1.25% 


2.5% 


0.25% 


0.25% 




left 


right 


left 


right 


left 


right 


left 


right 


left 


right 


left ' 




calf 


calf 


calf 


calf 


calf 


calf 


calf 


calf 


calf 


calf 


calf . 




(N«4) 


(N=4) 


(N-4) 


(N»4) 


(No4) 


(N«6) 


(N-6) 


(N-6) 


(N-6) 


(N«4) 


(N=4) 




Number (%) of Unique h^ection ^ 


Sites 










Unique 


3(75) 


3(75) 


3(75) 


4(100) 


4(100) 


5(83) 


5(83) 


6(100) 


6(100) 


4(100) 


3(75) 


injecUon sites 
























with at least 1 
























local AE 
































Number (%) of Unique Injection Sites 










• Body System/ COSTART 






















Term 
























Bodyasa ' 
























whole 


• 2(50) 


2 {50} 




0 


0 


2(33) 


3(50) 


^\pf} 




* I3vj 




b^ection site 
reaction - 


2(50) 






0 


0 


2(33) 


2(33) 




% f 50^ ■ 






b\jection site 


' 0 


I (25) 




0 


0 


0 


0 


V 


A 
w 


A 
V 


A 
w 


mass, • 
Injection site . 




0 ' 


0 


0 


0 


0 


0 


0 


0 


1(25) 


1.(25) 


herooirhage 






















irgectiori site 


0. 


•0 


0 


0 


0 


0 


1(17) 


0 


0 


6 


0 


pain 
























Hematic & 
























lymphatic 


1(25) 


1(25) 


1(25) 


4(100) 


4(100) 


4(67) 


4(67) 


4(67) 


5(83) 


1(25) 


1(W 


Ecchymosis 




1(25) 


1(25) 


4(100) 


4(100) 


4 (67) 


4(67) 


4(67) 


5(83) 


.llC?5) 


1(25) 


Metabolic & 
























Nutritional 


0 . 


0 


0 


0 


0 


1(17) 


1(17) 


0 


0 


0 


0 


Peripheral 


0 


0 


. 0 


0 


0 


1(17) 


1(17) 


0 


.0 


0 


0 


Edema 
























Nervous 


0 


2(50) 


2(50) 


0 


0 


0 


1 (17) 


2(33) 


2(33) 


1(25) 


0 


Hypesthesia 


0 ' 


2(50) 


2(50) 


0 


0 


0 


1(17) 


2C33) 


2(33) 


1C25) . 


0 


Skin & 






















Appendages 


' 1(25) 


0 


0 


0 


0 


1 (17) 


1(17) 


1(17) 


2P». 


IC2S) 


1(25) 


Rash 


0 


0 


0 


0 . 


, 0 


•1(17) 


1 (17) 


1(17) 


. 2 (33) 


1(25) 


0 


Vesiculo> 


1(25) 


0 


. 0 


0 


0 


0 


1(17) 


0 


1(17) 


0 


0 


' bullous rash 
























. Pruritis 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1(25) 


1(25) 



Local adverse events occurred at 75-100% of unique injection sites for each 
treatment. The 3 most common local adverse events were ecchymosis, ii|jecti6n site 
reaction, and hypesthesia. 



Ecchymosis occurred at 3/12 (25%) unique injection sites across the three 15 mL 
4dK EDLA 2.5% treatments in Part 1; it also occurred at 8/8 (100%) unique injection 
sites across the two 15 mL AB 0.5% treatments in Part L In Part 2, ecdiymosis occun:ed 
at 4/6 (67%) unique injection sites for the 7.5 mL 40K EDLA 2.5% treatment and at 4/6 
(67%) unique injection sites for the 1 5 mL 40K EDLA 1 .25% treatment Ecchymosis 
occurred at 9/12 (75%) unique injection sites across the two 15 mL 40K EDLA 2.5% 
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treatments. Ecchymosis occurred at 2/8 (25%) unique injection sites across the two IS 
mL AB 0.25% treatments. 

Injection site reaction occurred at 6/12 (50%) unique injection sites across the 
three 1 5 mL 40K EDLA 2.5% treatments in Part 1, but did not occur at sites injected with 
15 mL AB 0.5% (0/8 sites). In Part 2, injection site reaction occurred at 2/6 (33%) 
injection sites for 7.5 roL 40K EDLA 2.5% and at 4/6 (67%) injection sites for 15 mL 
1 .25% 40K EDLA. Injection site reaction occurrisd at 5/12 (42%) unique injection sites 
across the two 1 5 mL 46k EDLA 2.5% treatments in Part 2. Injection site reaction 
occurreid at 2/8 (25%) unique injection sites across the two 15 mL AB 0.25% treatments 
inPart2. 

In Pdii 1, hypesthesia occurred at 4/12 (33%) unique injection sites across the 
three 15 mL 40K EDLA 2.5% treatments; it did not occur with the 15 faiL AB 0.5% 
treatrnents (0/8 sites). . In Part 2» hypesthesia occurred at 3/12 (25%) luiique injection 
sites across the two 15 mL 40K EDLA 2.5% treatments. Hypesthesia occurred at 2/6 . 
(33%) injection sites finr the 15 mL 40K EDLA 1.25% treatment, but did not occur for the 
7.5 mL 40K EDLA 2.5% treatment. Hypesthesia occurred at 1/8 (13%) unique injection 
sites across the two 15 mL AB 0.25% treatments. 
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TABLE J-1S(B) 



lacidence of Systemic Adverse Events 
Population , N=28 Subjects 



Safety Population^ 



Subjects with 
at least ! 
sy8tan|c AB 

Body System/ 

COSTART 

Tenn 



ISniL 
40K 
EDLA 
2.5%^ 
left 
calf 

3(75) 



l5mL40KEDIA 
2.5% right calf . 
+ 

15inL40KEDlA 
Z5% left calf 

1(25) 



l5niLABp.5% 
right calf 
+ 

lSiiiLABO.5% 
left calf 
<N»4) 



7.5inL40K 
EDIA 2.5% right 
calf 
+ 

l5fnL40KEDLA 
2.5% left calf 



Nvnriier (%) of Sutgects 
1(25) » 1(17) 



Nunnber (%) of Subjects 



15iiiL40KEDIA 
1.25% rifiiht calf 
+ 

l5inL40^£D]JV 
2.5% left calf 
(N«6) ; 

2^3) 



15iiiLAB0.25% 
right calf 
+ 

15mLAB025% 
left calf 
. (N«4) 

i(25y 



Body as a 

Whole. 
Headache 
BackFkin 

Cardio* 



Migraine 
Hervous 

Dizzuiess - 
Hesplratoiy . 

Luitg Disease 

Phaiyngitis 



1^5) 


1(25) 


■ 0 


0 


0 


0 


1(25) 


0 


0. 


0 


.0 


0 


0 


1(25) 


0 


0 


b 


0 


l(?5) 


' 6 


. 0 


0 . , 


0 


0 


1(25) 


' 0 


p 


0 


0 


0 . 


0 


6 


0 


1(17) ; 


1(17) 


0 


0 


0 


0 


1(17) 


1(17) 


0. 


1(25) 


0 




0 . 


1(17) 


1(25) 


0 


0 


1(25) 


0 


0 


0 


1(25} 


0 


0 


0 


1(17) 


1(25) 



The unilateral 15 niL4PK BDLA 2.5% treatment in Part, 1 was associated with the 
.highest incidence of systemic adverse evmts (3/4 [75%] subjects). The incidence of 
subjects with a^ least one systemic adverse event ranged fiom 17-33% across the other 
treatadents. 

i The most comihon systemic adverse evmts were pharyngitis and dis^ess. 
Pharyngitis occiuired in 1/4 (25%) subjects that received unilateral 15 mL 40K EDLA 
2.5%; in 1/6 (17%) subjects that recdved 15 mL 40K EDLA 1.25% + 15. mL 40k EDLA 
2.5%, and m 1/4 (25%) subjects that received bilateral 15 mL AB 0.25%. Pharjoigitis did 
* not occur in subjects that receivecl bilateral 15 mL 40K EDLA 2.5% (0/4 subjects), 
bilateral AB 0.5% (0/4 subjects), or 7.5 mL 40K EDLA 2.5% + 15 mL 40K EDLA 2.5% 
(0/6 sites). 
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Dizziness occurred in 1/6 (17%) subjects forthe 7.5 njL 40K EDLA 15% + 15 
mL 40K EDIA 2.5% treatment and 1/(5 (17%) subjects for the IS xnL 40K EDLA 1.25% 
+ IS mL 40k EDLA 2.5% treatment Dizziness did not occur in subjects treated with 
either unilateral (0/4 subjects) or bilateral (0/4 subjects) 15 mL 40K EDLA 2.5%, nor did 
it dccur in subjects treat^ with bilateral injections of ddier concentration of AB (0/8 - 
subjects). 

There werie no deaths or serious adverse events. There were no adverse events 
that resulted in discontinuation. 

Adverse event data- were examined to evaluate the incidence of local subcutaneous 
tissue reactions (ie, injection site reaction, injection site edeina, and injection site mass) 
and local neurological effect^ (ie, hjpesthesia, hyperesthesia, paresthesia, and injection 
site pain).' . , 

Local subcutaneoi2is tissue reactioxis rq)orted included injecti^ 
injection site mass. Injection site reactioxi occurred at 1 1/24 (46%) injection sites treated 
with 1§ mL 40K EDLA 2.5%, 0/8 injection sites treated with AB 0.5%, 2/6 (33%) 
injection sites treated with 7.5 mL 40K EDLA 2.5%, 4/6 (67%) injectipn sites treated ' 
with 15 mL 40K BDLAl 1.25%, and 2/8 (25%) injection sites treated wi& 15 mL AB 
0.25%. Injection site mass occurred at 2/24 (8%) injection sites treated with IS mL 40K 
EDLA 2.5%, and did not pbcur with'any other treatmerit 

Local neurological effects included hypesthesia and injection site pain. 
Hypesthesia occurred at 7/24 (29%) injection sites treated wiOi 15 mL 40K EDLA 2.5%, 
0/8 injection sites treated with 15 mL AB 0.5%, 0/6 injection sites treated With 7.5 mL 
40K EDLA 2.5%, 2/6 (33%) injection sites treated with 15 n£L 40K EDLA U5%, and 
1/8 (13%) injection sites treated vnfh 15 mL A!B 0.25%. Injection site pain occurred only 
with 15 mL 40ICEDLA 2.5% treatment (1/24 [4%] iiijection sites). 

Individual Subject Changes; Shifts from Baseline 

The majprity of the clinical laboratory values were normal at Screening and at 96 
hours post-injection. Shifts in laboratory parameters &om normal or high at baseline to 
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low at endpoint and normal or low at baseline to high at endpoint is presented in Table J- 

16 * ' . ■ ■ y 

TABLEJ-16 



Shifts from Baseline in Laboratory Parameters 
Safety Population, N=^8 subjects 













15mL40K 






• 15mL40K: 






7.5mL40K 


BDLA 1.25% 






EDLA 


15 mL 40K 


15 mL 


EDLA 2.5% right 


right -I- 15 mL 


l5mLAB 






cnr A 1 CQZ. 






Aiw nnT A 
4ttK.liUIA 






unilaCBnl 


oiuierai • 


Diialenu 


£Dw\ 2.9^ Jen 


2*599 Mil 


Diiacerei 




(n«4) 




(n=4) 


(11=6) 


(««€) 


("> 








n \7bJ SUqCCIS 






Nonnat to Low 














Hemoglobin 


0 


1(25) 


0 


0 


1(17) 


0 


Hematbcrit 


0 


IC25) . 


0. 


1(17) 


1(17) . 


0 


RBC 


0 


0 * 


0 


0 


1(17) . 


0 


Lymphocytes 


0 


0 


0 


0 


1(17) 


0 


Sodium 


1(25) 


0 


0 


0 


0 


0 


CO, 


0 


0 


1(25) 


2(33) 


1(17) 


0 


Uric acid 


1(25) 


0 


. 0 


2(33) 


0 . 


0 • 


AST (SCOT) 


0 


6 


105) 


0 


0 


0 


Qlueo^ 


0 


0 


0 


4(17) 


0 


0 


Total Protain 


0 


d 


0- 


203) 


0 


0 


Calciiim 


0 . 


. 0 


0 


1(17) 


0 


0 


Alkaline . 


0 . 


0. 


0 


0 


U17) 


0 


Phosphatase 












NomialtbHigh 














Eosinophils 


0 


1(25) 


0 


.0 


0 


1(25) 


Mono^rtes • 


0 


0 


0 


1(17) 


1(17) 


0 


Chloride 


1(25) 


0 


0 


2(33) 


1(17) 


0 


Tbtal protein 


1(25) 


0 


.0 


0 


0 • 


0 


BUN 


0 


0 


0 


2(33) 


0 


0 


Sodium 


0 


6 


0 


0 


3(50) 


0 


ALKSOFl) 


0 . 


6 


0 


b 


2(33) 


0 


Tri^ycerides 


0 


6 


0 


HIT) 


1(17) 


1(25) 


Cholesterol 


0 


/ 0 


0 . 


1(17) 


0 


0 



The shift analysis revealed no shift of clinical concern for hematology or clinical 
chemistry parameters. No subjects shifted from low to high or £om hig|i to low. 

Tlie most conunonnonnal to low shift occurred for CO2. CO^ shifted from 
normal to low for 1/4 (25%) subjects receiving bilateisl IS mL AB 
subjects receiving 7.5 mL 40K EDLA 2.5% + 15 mL 40K EDLA 2.5%. and 1/4 (25%) 
subjects repeiving 15 mL 40K EPLA 1,25% + 15 mL 40K EDLA 2.5%. CO2 did not 
shift in subjects receiving unilateral 15 mL 40K EDLA 2.5% (0/4 subjects), bilat^ 15 
mL 40K EDLA 2.5% (0/4 subjects), or bUateral 15 mL AB 0,25% (0/4 subjects). 

The most common norxnal to high shift occurred for chloride. C3iloride shifted 
from nonnal to high for 1/4 (25%) subjects receiving unilateral 15 mL 40K EDLA 2.5%. 
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2/6 (33%) subjects recciviDg 7.5 mL 40K EDIA 2.5% + 15 mL 40K EDLA 2.5%, and 
1/6 (17%) subjects receiving 15 mL 40K EDLA 1.25% + 15 mL 40K EDLA 2.5%. . 
Chloride did not shift in subjects receiving bilateral 15 mL 40K EDLA 2.5% (0/4 . 
subjects), bilateral 15 mL AB 0.5% (0/4 subjects), or bilateral 15 mL AB 0.25% (0/4. 
subjects). 

Special Analysis of Liver Function Tests 

Liver function tests for SGOT or SGPT that were >3 times the upper limit of normal were 
considered to be of clinical in^jortance. There were no subjects that had a liver function test that 
changed from normal to >3 times the upper limit of normal between screening and final visit. 
One subject had SGPT at both screening (136 U/L) and 96 hours post-injection (124 U/L) that 
was >3 tinies the upper limit of normal (35 U/L). 

Clinicallv Notable Laboratorv Abnormalities 

Table J-17 lists clinically notable laboratory abnormalities by subject and . 
parameter 
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TABLE 



Clinically Notable Laboratoiy Abnonnalities 
Safety Population (N^8) . 







* Abnormal 






Treatment Group 


Subject 


Test 


Visit 


Value" 


MUX t\0 viJYv 

bilateral 


101 


Triglycerides 


Screea 
End of Study 


617rog/dL 


15xnl40K£DLA 


105 


Hematocrit 


Screen 


41% • ' 


2.5% bilateral 


End of Study 


37%. 


7.5ml40KEDLA' 










2.5% right, 15 ml 


200 


COa 


Screen 


29me5|/L . 


40KBDLA2.5% 


left 






End of Study 


ISmtqfL 


,15 !nl"40KEDLA 










1.25% right, 15 ml 


204 


Hematocrit 


Screen 


. 41% 


40KEDLA2.5%. 






left 






End of Study 


36% 


.7.5ml40KEDLA 










2.5% righl; 15 ml 
40KEDLA2.5% 


20S 


Triglycerides 


Screen 


85mg^dL 


left 






End of Study 


654 ms/dL 



* Clinically notable abnormality is bolded. 
^ Test not run by laboratory. 



One subject (treated with bilateral 1 5 mL AB 0.5%) had a clinically notably high 
triglycerides level at end of study, however, this subject's triglycerides level was not 
measured at screening. A second subject (treated with 7.5 mL AOK EDLA 2.5% + 15 mL 
40K BDLA 2.5%) also had a clinically notably high triglycerides level at end of study. 
A third subject (treated with bilateral 15 mL 40K EDLA 2.5%) and a fourth subject 
(treated with 15 mL 40K EDLA 1.25% + 15 mL 40K BDLA 2.5%) had clinically notably 
low hematocrit at end of study. A fifth subject (treated with 7.5 mL 40K EDLA 2.5% + 
15 mL 40K EDLA 2.5%) had a clinically notably low CO2 at end of study. 
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Summary Statistics Over Time; Vital Signs ' 

Table J-1 8 presents summary statistics for systolic blood pressurCi diastolic blood 
pressure, heart rate, respiratory rate, and temperature at Baseline and 96 h post-injection* . 



TABLE J-18 



Mean (SEM) Vital Signs and Mean Qiange From Baseline to Final Visit 
Safety Population (N = 28) ' 







15mL40K 
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*Mean change is statistically significant 0x0.05). 



The following changes from Screening to Final Visit (96 hours post-injection) 
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were statistically significant (p<O.OS): a decrease in'radial pulse for the 15 mL bilateral 
AB 0.5% treatment and a decrease in temperature for the unilateral 15 mL 40K EDLA 
2.5% treatment, ttie bilateral 15 piL 40k EDLA 2.5% treatment; and the bilateral 15 mL 
AB 0:25% treatment None of ttie mean changes in vital signs results from baseline to 
£uaal visit were considered cliiucaUy meaningful. . 



Clinically Notable Vital Sign Abnormalities 

Table Jr 19 lists clinically notable vital sign abnormalities by subject and parameter, along 
with all other values during the study for that vital sign and paranieter and other relevant 
vital sign parameters at selected time poi^^ 

TABLE J-19 



Clinically Notable Vital Sign AbnormaUties 
Safety iPopulatipn (N==28) 
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° Otoically notable abnonnality 18 bolded 

^ This value is the lowest of five clinically notable DBF values xecoided cm the day of injection. 
^ Occuned at 1 hour post-hyection. 
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Subject #213 had a diastolic blood pressure that deoreased following drug 
injection. This subject's DBF was 65 prior to injection, 46 at 30 minutes post-injection, 
43 at 1 hour post-injection, 41 at 3 hours post-injection, 47 at 6 hours post-injection, and 
43 at 12 hours post-izyection. This subject's DBF was also clinically notably decreased at 
48 and 72 hours post-injection, but returned to normal range at 96 hours post-injectioii. 
None of this subject's other vital signs were clinically notably abnormal. Subject #107 
had a decreased heart rate (49 bpm) one hour foUowig injection. This subject'^ heart 
rate returned to nonnal range at 3 hours post-injection and remained in the nomiai range 
thereafter. This subject had no other clinically notable vital sign abnormalities. 

Subject #106 had a clinically notably low respiratory rate of 10 breaths per nfinute 
at 24 hours post-injection. This subject had no other clinically notable vital sign 
abnormalities. Thd:e were Zl subjects that had post-screening values for respiratory rate 
that were on the border of the clinically notable range. Ten of these subjects had a 
respiratory rate valu^ of 12 breaths per minute, and 1 1 had a respiratory rate value of 20 
breaths per minute. Since these values were not consistently produced by any one . 
treatment and were evenly distributed between the high and low end of the nonnal racige, 
it is unlikely that they reflect an effect of study drug administration. 

Physical EY aminfltfftw Findings and Medical History 

Abnormal physical examination findings at end of study occurred in the majority 
(22^8) of subjects and usually involved the skin and extremities.. Most appeared to be 
associated with a local reaction to the injection of study medication. Medical history 
fibidings woe unremailcable. 

Safety Discussion and Conclusions 

• There were no deaths or other serious or significant adverse events. 

• Local adverse events occurred at 75-100% of unique injection sites for each ' 
treatment The 3 most common local adverse events were ecchymosis, injection site 
reaction, and hypesthesia. These events occurred with both 40K EDLA and AB 
treatment 
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• The unilatetal 15 xxiL 40K EDLA 2.5% treatment was associated with the highest 
incidence of systemic adverse events (3/4 [7S%] subjects). The most common 
systemic adverse'events were pharyngitis and dizzmess. .Pharyngitis occurred with 
both 40K EDIA and AB treatment, xyhile dizziness occurred wift 40K EDIA b 

• AB treatment 

• Shift analyses from screening to final visit revealed no shift of clinical concern for 
laboratory parameter?. None of &e clinically notable laboratory or vital sign - 
abnonnaUties was considered a serioiis or significant adverse event 

• Medical History at screening and Physical Examination and ECG evaluations at end 
of study were imiemarkable. 

. OVERALL CONCLUSIONS EOR MICRODIALYSIS 

In this infiltration model, the peak and total plasma exposure to biipivacaine 
deUvered as 40K EDLA was approximately proportional to dose. The microdialysis 
method employed to examine local, tissue concentrations of bupivacaine appears to be 
reliable. The local tissue concentrations of bupivacaine did appear to correlate with local 
sensory testing. Overall^ subcutaneous infiltratioh of 40K EDLA was .well-toleratedL 

For Part 1 of the atudv: 
Aqueous Bupivacaine 

- Aqueous bupivacaine distributes rapidly into systemic circulation 

- Peak exposure to bupivacaine in the tissue is e.g., proximately 40-fold greater 
than in the plasma 

&PLA 

. - Biq)ivacainefiiom EDLA distributes sloy/ly into sys 

- Peak exposure to btqpivacaine in the tissue is e.g., {approximately 200-fold greater 
than in the plasma 
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- Peak exposure to draamethasone in the tissub is e.g.^ approximately 300-fold 
greater than in the plasma 

For jpart tl of the study; 

EDLA 

... , . • ' I- ■ ■ ■ 

- Bupivacaine fipom EDLA distributes slowly into systemic circulation 

- Peak exposure to bupivacaine in the tissue fironpi 1 .25% EDLA, 15ml (405 mg 
biq>ivacaine) is similar to that of 2.5% EDLA, 7.5ml (405 mg bupivacaine) 

- Peak and total ^osure to bupivacaine in the tissue increases with increasing 
dose. The increase in total exposure is less than proportional. However, the peak 
e:q)osure increases proportionally. 

- There is no apparent eiSfects pf volume/concentration on peak or total exposure to 
biq>ivacaine and dexamejliasone either locally or systexnically 

OVERALL SAFETY CONCLUSIONS FOR IN-VIVO STUDIES 

The generally recognized maximum reconunended dose of aqueous bupivacaine. for 
single administration is 225 mg when co-administered witii epinephrine 1 :200,000 (Marcaine® . 
PI). The basis for establishing a maximum recommended'dose for bupivacaine is to nunimize the 
risk of central nervous system (CNS) and cardiovascular system'toxicity. While there is no 
general agreement in the literature regarding the absolute toxic direshold of bupivacaine j>Ia8Aia • 
conc^trationis, bupivacaine toxicity has been most commonly reported at concentrations in 
excess of 2-4 |ig/imL. Althoiigh tiie bupi^nu^aine conc^tcation is likely the key determinant of 
systemic'toxicity, the rapidity with which a particular blood level is achieved may also influence 

the toxicity profile of local anesthetic agents. 

« 

Aqueous bupivacaine doses well in excess of the maximum labeled single dose of 225 mg 
arc routinely administered over a period of days via indwelling catheters for post-operative pain 
purposes. When properly placed, these catheters usually provide safe and effective analgesia, 
EDLA is a polymer-based depot formulation that mimics a conventional continuous infusion of 



293 



wo 02/058670 



PCT/US02y02461 



207.1300 

local anesthetic by refeasing bupivacaine to the <lesired neural elements by slow, local diffusion 
fix)xn intact microspheres at &e injection site. 

The plasma concentration of local anesthetic drugs varies considerably as a function of 
the site of injection. In the intercostal nerve study, EDLA and IDIA were injected in the vicinity . 
of the inten;ostd nen^es. This coirq>artnient is known to be more vascular than that used in 
microdialysis study (infiltration in the calQ and is generally accepted as the con:q)artment 
associated with the greatest Omx and earliest T^ax when aqueous local anesthetics are 
administered. For example, intercostal nerve block has been shown to produce rnore than three 
times the maximum plasma concentration of a local anesthetic than was seen after local 
infiltration. 

The highest plasma bupivacaine Qnax for an EDLA-treated subject via infiltration (540 rag 
jbupivacpine in the calf) was 0.493 \ig/mL Crn«=72 houra). In a similar manner, observed plasma 
bupivacaine concentrations were examined for intercostal administration, known to involve more 
rapid uptake of a local anesthetic into the systemic circulation. In this case, the greatest observed 
plasma bupivacaine Csa^^for an EDLA-treated subject in this model (216 mg bupivacaine) was 
0.323 fig/niL (T(nax~24 hour^}. In the same study, the greatest observed plasma bupivacaine Qnx 
in an IDIA-treated sUbject (ICS mg) was 0.259 ng/mL (T„tw=24 hours). Following the 
administration of EDLA and IDLA in close proximity to the superficial radial rierve (27mg 
bupivacaine iti each case), the greatest observed plasma bupivacaine Cnax for an EDLA-treated 
subject in Qds model was 0.262 [igfxDL houns) while that of an n>LA-trealed.suI]|ject 

reached 0.151 fi^mL (Tmjr^ hours). In all of these studies, the. Qnu of bupivacaine reinained 
well below the threshold for toxicity. 
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CLAIMS 

1. A method for providing local analgesia, local anesthesia or nerve blockade in a 
human, comprising administering at a site in a human a formulation comprising a plurality of 
controlled release microspheres comprising bupivacaine free base and a biocompatible, 
biodegradable polymer comprising a 65:35 DL copolymer of lactic and glycoHc acid having 
free carboxylic acid end groups, said copolymer having a molecular weigiht of about 40 kDa 
to about 120kDa, siaid microspheres comprismg from about 60% to about 85% bupivacaine 
free base, by weigiht, said microspheres being contained in a pharmaceutically acceptable 
medium for parenteral administration, said formulation having a concentration of bupivacaine 
free base from about 2.25 mg/ml to about 36.0 mg^ and the formulation including a total 
amount of bupivacaine free base from about 45 mg to aboiit 360 mg prior to administration, 
such that said formulation provides local analgesia, local anesthesia or nerve blockade at the 
site of administration less than about 2 hours after first administration, and a duration of local 
analgesia, local anesthesia or nerve blockade which lasts for at least about 1 day after first 
administration, 

2. the inethod of claim 1, wherein said formulation further comprises an augmenting 
agent in an amount effective to im>long the effect of the local anesthetic for a lime period , 
greater ftan that obtained via administration of said foimiilation wifliout said augmenting 
agent, such that the duration of local analgesia, local anesthesia or nerve blodcade lasts for at 
least about 2 days after first administration. 

3. The method of claims 1 or 2, wherein the duration of local analgesia, is from about 2 
to about 4 days after first administration. 

4. The method of claims 1 or 2, wherein tiie duration of local, analgesia is from about 4 
to about 7 days after firat administration. 

5. The method of cl^ms 1 or 2, wherein the level of local anesthetic at the site of 
administration is at least 1 50 times ib& level of local anesthetic in the systemic blood pkLsma. 

6. The method of claim 1, wherein the formulation further comprises a concentration of 
dexamethasone from about 2.5 mcg/ml to about 10.0 mcg/ml. 
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7. The mediod of claim 1, wherein flie miciospheres furOier comprise 0.04% 
dexametliasone, by weight 



bupivacaine base, by weight. 

9. The method of claims 1 or 2, wherein ihe microspheres further comprise a polymer 
selected the group consisting of polyanhydrides, polyesters, polyorthoesters, proteins, and 
polysaccharides.. 

10. The method of claim 1 or 2, wherein flie formulatioti provides an in-vitro dissolution 
of the local anesdietic fiom the biocompatible, biodegradable carrier under in-vitro conditions 



specified by the US? n Paddle Method, 100 RPM, 37 degrees Celsius, pH 3;0 in 900 ml of 
lOmM sodium phosphate buffer, as follows: 



. 8. The method of claims 1 or 2, wherein the microspheres comprise about 72% 




0.25 



about 2 to about 32 



0.5 



^ about 3 to about 60 



1 



about 6 to about 86 



1.5 



about9toabotit 92 



2 



about 12 to about 94 



3 



about 17 to about 97 



4 



about 23 to about 97 
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11. The method of claims 1 or 2> whereiii flie fc^ulation provides an m-vitro dissolution 
of ttn^ local anesthetic fiom ttie biocompatible, biodegiadable carrier under in-vitro conditions 
specified by the USP Q Paddle Method, 100 RPM, 37.degc^es Celsius, pH 3.0 in 900 ml of 
lOmM sodium phosphate buffer, as follow^: 





'V' 






1 
2 

. 4 
8 

, 12 
18 
?4 


From about 13 to about 36 
From about 33 to about 65 
From about S3 to about 87 
From about 72 to about 95 
^ From about 81 to about 98 
. From about 89 to about 100 
From about 94 to about 100 



12. . The method of claims 1 or 2, wherein the formulation is administered perineurially. 

13. The method of claims 1 or 2, wherein flie formulation is administered subcutaneously. 

14. The method claims 1 or 2, wherein the formulation is administered intramuscularly.. 

• • ^ . 

.15. The method of claims 12*14, wherein the formulation provides an effect charactedzed 
by a mechanical pain detection threshold test in human patients in which the lowest number 
of the von Fr^ hair in Mduch hilf of the stimulatifms produces a sensation of pain or 
unpleasantuess is from about 16 to. about 18 fiom about 2 to at least about 48 hours after 
adiniiiistratioii, where the inedian baseliiie test is about IS. 
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16. The method of claims 1244, wherein 4ie fonnulation provides an effect chaiacterized 
by a waim detection threshold test in vi^ch the median lowest increase in temperature fibm 
32 C perceived by htmian patients* occurs at a* temperature. as follows in degrees C: about 
40.5 to about 44.05 at 2 hours a&r administration; about 40. 1 5 to about 44.85 at 4 hours after 
administiatioi^ about 40.15 to about 46.3 at 8 hours afier administration; fiom about 41.7 to 
about 46.35 at 24 hours after administration; about 41.55 at 48 hours after administration; 
fiom about 40.4 to about 46.55 at 72 hours after administration; fiom about 41.1 to about 
45.7 at 96 hours after administtation; based, on a median baseline test from about 39.9 to 
about41.95. 

17. The method of claims 12-14, wherein the formulation provides an effect characterized 
by perception of a temperature as painful, said temperature being at least 3°C greater fbsax the 
temperature that is perceived as painful prior to administration of the formulation, having ah 
onset of at least about 1 hour and a duration of at least about 2 days. 

18. The method of claims 1 2-14, wherein the formulation provides an effect characterized 
by a mechanical pain response test in which human patients characterized the pain on 
stfanulating the injected area 5 times with von Frey hair No. 1 7 on a Verbal Rank Scale of 0- 
10 where 0 no pain and 10 = pain as bad as flie patient could isnagine, as follows, based on 
a median result for patients tested: about 1. at 2 hours after administration; about 1 at 4 hours 
after administration; about 1 at 8 hours afier administration; fix>m about 0 to about 0.5 at 24 
houra after admmistration; from about 0 to about 0:5 at 48 houra after admmistration; from 
about 0 to about 1 at 72 hours afier administratior^ from about 0 to about 1 at 96 hours after 
administration; and about 1 at 144 hours after administration, based on a median baseline test 
result of about 2. ^ 

19. The method of claims 1 or 2, wherein die administration is intercostally. * 
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20* The meftkod of claim 19^ wheiein fhe foimalatton provides an effect characterized by 
a pin prick pain response test in which the degiee of pain was assessed by administering pin 
pricks m an area-innervated by flie intercostal nerve and assessed by 0, 1 or 2 wherein O 
means the subject did hot fisel any pinpricks, 1 means the subject felt 2 or 3 pinpricks as 
touch or pressure and 2 means the subject felt 2 or 3 pinpricks as sharp/as follows, based on 
a mean result for patients tested: &om about 1 to about 2 at 1 hour after administration; from 
about 0.5 to abput 1 .5 at 2 hours after administration; from 0 to about 1 at 6 hours after 
administration; firom about 0 to about 0.75 at 24 hours after administration. 

21 . The method of claim 19, wherein the formulation provides an effect characterized by 
a numbness response test in which human patients characterized the numbness on stimulating 
&e site of injection on a Verbal Rank Scale of 0-10 where 0.== not numb and 10 totally 
numb, as follows, based on a mean result for patients tested: about 0 to about 4 at 2 hours 
after administration; about 0 to about 3 at 6 hours after administration; about 0 to about 2 at 
12 hours and &om 0 to about 2 at 24 hours. 

22. The meOod of clahn 19> wherein the mean Cmax of bupivacaine does not exceed 250 
ng/mL, when administered intercostally. 

23. The mediod of claim 22, wh«»in the mean Cmax of bupivacaine is firom about 10 to 
about 20 iiig/ml^ when administered mtercostally. 

24. The mefliod of claims 1 or 2, wherein Ifae admimstration is at a single nerve and the 
local analgesia is measured by a pin prick response test in which the degree of pain was 
assessed by administerisig pin pricks in an area innervated by the superficial peroneal nerve 
and assessed by 0, 1 or 2 wheremO means ihe subject did not feel ai^putqnicks 
(anesthesia), 1 means the subject felt 2 or 3 piiq>ricks as touch or pressure or felt one as touch 
or pressure and ! as sharp (analgesia) and 2 means fhe subject felt 2 or 3 pinpricks as sharp, 

25. The method of claim 1, wherein the administration is at a single nerve and wherein 
die maximum plasma bupivacaine concentration is less than about 25 ng/hiL. 
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26. The method of claim 1 , wherein the administration is at a single nerve and provides a 
effect characterized by a nmnbness response test in which human patients characterized the 
numbness on stimulating fte site of injection on a Verbal Rank Scale of 0-10 where 0 = not 
numb and 10 totally numb, as follows, based on a mean result for patients tested: about 0 
to about S at 1 hours after administration; about 0 to about 4 at 6 hours afi^ administration; 
about 0 to about 3 at 12 hours and fiom 0 to about 3 at 24 hours. 

27. The method of claims 24 to 26, wherein the single nerve is the superficial peroneal 
nerve. 

28. ^ The method of claim 1 , wherein the administmtion is to the superficial radial nerve 

29. Themethodof claim 28, wherein the local analgesia is measured by a pin prick 
response test in which die degree of pain was assessed by administering pin pricks in an area 
iimervated by the superficial radial nerve and assessed by 0, 1 or 2 wherein O means the 
subject did not feel any pinpricks (anesthesia), 1 means die subject felt 2 or 3 pinpricks as 
touch or. pressure or felt one as touch or pressure and 1 as sharp (analgesia) and 2 means die 
subject felt 2 or 3 pinpricks as sharp. 

30. The method of claim 28, wherein fiie maximum plasma bupivacaine concentration is 
less than about 100 ng^mL: 

31... The method of claim 28, wherein the formulation provides an effect characterized by 
a numbness response test in which human patients characterized the numbness on stimulating 
the site of mjection on a Verbal Rank Scale of 0-10 where 0 = not numb and 10 » totally 
numb, as follows, based on a mean result for patients tested: about 0 to about 5 at 1 hours 
after adiiiinistration; about 0 to about 4 at 6 hours after administration; about 0 to about 3 at 
12 hours and fiom 0 to about 3 at 24 hours. 

32. The method of claim 1, wherein the polymer has a viscosity fiom about 0.2S to about 0.42 
diyg. 
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33. A method for providing local analgesia, local anesthesia or nerve blockade in a human 
comprising administering at a site in a human a unit dose of microspheres comprising a 
biocompatible, biodegradable carrier and bupivacaine or a pharmaceutically acceptable salt 
thereof, effective to provide local analgesia^ local anesthesia or iaerve blockade at the site of 
.admiaistration in a human which occurs less dian about 2 hoiurs afiar first administration, and 
a duration of local analgesia, local anesthesia or nerve blockade which lasts for at least about 
1 day after first administration, wherein die mean Cmax of bupivacaine measured by 
microdialysis in the tissue at the site is from about 35,000 ng/ml to below a toxic 
concentration at the site and wherein a level of local anesthetic at the site of administration is 
at least ISO times the level of said local anesthetic which is absorbed systemically into blood 
plasma. 

34. The method of claim 33, wherein said microspheres further comprises an effective 
amount of dexamethasone or a pharmaceutically acceptable salt thereof to prolong &e effect 
of the bupivacaine for a time period greater fiian that obtained via administration of said 
formulation without said augmenting agent such that a duration of local analgesia, anes&esia 
or nerve blockade lasts for at least about 2 days after first admuustration, wherein tiie zhean 
Cmax of dexamethasone measured by microdialysis in the tissue at the site is from about 45 
ng^ml to below a toxic conccfntxation at the site and wherein a level of augmentmg agent at 
the site of administration is at least 250 times &e level oi augmenting agent absorbed 
systemically into blood plasma. 

35. A me&od for providing local analgesia, local anesQiesia or nerve blockade in a 
human, conq[)ri8ing administering a unit dose of microspheres comprising a biocompatible, 
biodegradable carrier and bupivacaine or a pharmaceutically acceptable salt diereof, effective 
to provide local anal^sia, local anesthesia or n^e blockade at i site of admiiustration in a 
human which occurs less than about 2 hours after first administmtion, and a duration of local 
analgesia, local anesfliesia or nerve blockade which lasts for at least about 1 day after first 
administration, wherein the mean Tmax of bupivacaine at the tissue at the site occurs at a 
time point fiom about 10 hours to about 45 hours after first administration. 
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36.. The mefhod of claim 35, wherein said microspheres further comprise an effective 
amount of dexamefliasone or a phannaceutically acceptable salt thereof to prolong flie effect 
of the bupivacaine for a time period greater than fliat obtained via administration of said 
micipospheres without said dexamethasone, siich that a duration Of local analgesia, anesthesia 
or nerve blockade lasts for at least about 2 days.afier first administration, wherein tiie mean 
Tmax of dexamatbasone at the tissue at the site occurs at a time point fiom about S hours to 
about 40 hours after first administration.. 

37. The mefliQd of claims 33 and 35, wherein the mean AUCt of bupivacaine at 96 hours 
measured by microdtalysis in the tissue at the site is fibm about 2,000,000 ng^mPh to about 
4,000,000 ng/ml*h. 

38. Themethodof claim 37, wherein said microspheres further comprise an effective 
amount of dexamethasone or a phaimaceutically acceptable salt thereof to prolong the effect 
of the bupivacaine for a time period greater than fliat obtained via administration of said 
microspheres without said dexanietiiasone, such tiiat a duration of local analgesia, anesthesia 
or nerve blockade lasts for at least about 2 days after first administration, wherein the mean 
AUCt of dexamethasone at 96 hours measured by microdialysis in the tissue at (he site is 
fi?om about 800 ngM*h to about 3,000 ng/ml*h. 

39. The mefliod of clahns 33 or 34, wherein the mean Cnuoc of bupivacaine in the plasma 
is below about 2S0 n^nl. 

40. The method of claim 34, wherein fbe mean Cmax of dexamethasone in the plasma is 
below about 0.50 ng/mL 

41. The method of clanns 35 or 36, wherein the mean Tmax of bupivicaine occurs at a 
time point fixmi about 25 hours to about 50 hours after first adi^ 

42. The mefliod of claims 3 5 or 36, wherem the mean Tmax of dexamethasone occurs at a 
time point fix>m about 12 hours to about 30 hours after first administration.. 

43. The method of claims 33 or 35, wherein the mean AUCt of bupivacame at 96 hours in 
the plasma is below about }2,000 ng/ml'^h. 
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44. The method of claim 38» wherein the mean AUCt of dexamethasone at 96 hours in fhe 
plasma is below about IS n^ml*h. 

45. The method of claims 33-36j wherein the formulation provides an effect characterized 
by a mean pin prick pain response test which is. less than 1.0 at 3 hours after first 
achninistration. 

46. The method of claim 33-36» wherein die formulation provides an effect characterized 
by a pin mean prick pain response test which is less than LO at 24 hours after first 
administration. 

47. The method of claim 33-36, wherein the formulation provides an effect characterized 

•I ' . 

by a i)in mean prick pain response test which is less dian 1.0 at 48 hours after first 
administration. 

48. The mediod of claim 33-36» wherein the formulation provides an effect characterized 
by a pin mean prick pain response test which is less dian 1.0 at 72 hours after first . 
administration. 

49. Hie method of claim 33-36, wherein tiie formulation provides an effect characterized 
by a pin mean prick pain response test which is less than 1.0 at 96 hours after first 
administration. 

50. The.mediod of claims 33-36, wherein die formulation provides an efifect characterized 
by a mean somestfaetic response test which is . less than 0.6 at .3 hours after first 
adaunistiation. 

51. The method of claim 33-36, wherein the formulation provides an effect characterized 
by a mean somestfaetic response test which is less than 0.6 at 24 hours after first 
administration. 
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S2. The method of claim 33-36, wheiein Ae foimulation provides an effect characterized 
by a mean somestbetic response test which is less than 0.6 at 48 hours after jBrst 
administration. 

S3* The mefliod of claim 33-36, wherein flie forinulation provide^ an effect characterized 
by a mean somestbetic re^nse test which is less than 0.6 at 72 hows after iirst 
administration. 

54. The method of claim 33-36 wherein the formulation provides an effect characterized 
by a mean spmestfaetic tesponse test which is less than 0.6 at 96 hours after first 
administration. 

55. The method of claims 33-36, wherein the formulation provides an effect characterized 
by a mean warmth detection threshold result which is at least 3 degrees C over flie baseline at 
3 hours after first administration. 

56* The me&od of claim 33-36 wherein the formulation provides an effect characterized 
by a n^cfan warmth detection tiueshold result which is at least 3 degrees C over the baseline at 
24 hours after ^rst admimstration. 

57. The method of claim 33-36, wherein the formulation provides an effect characterized 
by a mean waxmtti detection flueshold r^ult which is at least 3 degrees C over ttie baseline at 
48 hoiirs after first administratipiL 

58. The method of claim 33-36, wherein the foimulation provides an effect charaicterized 
by a mean wazmtii detection threshold result which is at least 3 degrees C ov^ the baselme at 
72 hour$ after first administration. 

59. The method of claim 33-36, wherein die formulation provides an effect characterized 
by a mean warmth detection threshold result which is at least 3 degrees C over tiie baseline at 
'96 hours after first administratioiL 
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60. The mediod of claims 33-36 wherein the fozmuiation piovides an efifect characterized 
by a mean warmth detection tiueshold result which is at least 3 degrees C over the baseline at 
3 hours after first administration. 

61 . . The method of claim 33-36 wherein the formulation provides an efPect cbamcterized 
by a mean heat pain detection threshold result which is at least 3 degrees C over the baseline 
at 24 hours after first administratioiL v 

62. . The method of claim 33-36 >^erein the formulation provides an effect characterized 
by a mean heat pain detection threshold result which is at least 3 degrees C over the baseline 
at 48 hours after first administration 

63. The method of claim 33-36 wherein the formulation provides an effect characterized 
by a mean heat pain detection threshold result which is at least 3 degrees C ovbr the baseline 
at 72 hours after first administratioa 

64. The method of claims 33-36| M^erein biocompatible, biodegradiaible carrier a 
copolymer of lactic acid and glycolic acid. 

65. The method of claims 33-36, wherein the local anesthetic is bupivacaine fiee base. 

66. The method of claims 33-36, wherein die local anesthetic is bupivacaine fiee base, the 
augmenting agent is dexamethasone, and the polymer is a copolymer of lactic , and glycolic 
acid, 

67. The method of claims 33-36, wherein the carrier comprises a polymer selected die 
group consisting of poiyanhydrides, polyesters, copolymers of lactic acid and glycolic acid, 
polyorlhoesters, proteins, and polysaccharides. 

68. The method of claims 33-36 i^erein the carrier is suspended in a pharmaceutically 
accq>table vehicle for injection. 
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69. A pharmaceutical foimulation conq)ri8iiig a plurality of controlled release 
microspheres comprising bupivacafaie free base and a biocompatible, biodegradable polymer 
comprising a 65:35 DL copolymer of lactic and glycolic acid having free carboxylic acid end 
groups, said copolymer haying a molecular weight of about 40 kDa to about 120kDa, said 
microspheres comprising from about 60% to about 85% buprvacaine free base, by weight, 
said microspheres being contained in a pharmaceutically acceptable medium for parenteral 
adipinistration, such that Ae formulation has a concentration of bupivacaine free base from 
about 2.25 mg/ml to about 36.0 mg/ml and the formulation includes a total amount of 
bujpiyacaine free base from about 45 mg to about 360 mg prior to administration. 

70. : A unit dose pharmaceutical formulation suitable for parenteral administration to 
humans upon leconstitiition with a pharmaceutically acceptable medium for parenteral 
administration comprising a plurality of controlled release microspheres comprising 
bupiv£|caine free base and a.bibcompatible; biodegradable polymer comprising a 65:35 DL 
copolymer of lactic and glycolic acid having free carboxylic acid end groups, said copolymer 
a molecular weight of about 40 kDa to about 120kDa, said microspheres comprising from 
about ,160% to* about 85% bupivacaine free base, by weight, said microsphere including a 
total amount of bupivacaine free base from about 45 mg to about 3<^0 mg prior to 
admimstratiorL 

71. The formulation of claims 69 or 70 wherein the molecular weight of the polymer is 
about 40 kDa. 

72. . The formulation of claims 69 or 70 wherem the molecular weight of flie polymer is 
about 120 kDa. 

i 

73. The formulation of claims 69 or 70 wherein die polymer has a viscosity from about 
0.25 to about 0.42 dL/g. 

74. The formulation of claim 69 wherein the^ microspheres are present in the medium in a 
concentration of about 6.25 mg^ml. . 

75. The formulation of claims 69and 74 wherein the concentration of bupivacaine fim 
base in said formulation is about 4.5 mg/ml. 
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76. The fotmulation of claim 69 wheiem the miciosphezes are present m die medium in a 
concenttatton of about 12. 5 mg^ml. 

77. The formulation of claims 69and 76 wherein the concentration of bupivacaine free 
base in said fomulation is about 9.0 mg/ml. 

78. The fonnulation of claim 69 wherein die microspheres are present in Ifae medium in a 
concentiBtion of about 25.0 mg^ml. 

79. The formulation of claims 69 and 78 wherein the concentration of bupivacaine free 
base in said fonnulation is about 18.0 mg/ml. 

80. The formulation of claim 69 furdier comprising dexamethasone in said fonnulation is 
about2.5 mcg^nl to about 10.0 mc^mL 

81. A method for providing local analgesia, local anesthesia or nerve blockade in a 
human, comprising administering at a site in a human a unit dose of microspheres comprising 
a biocompatible^ biodegradable carrier and a local anes&etic, effective to provide local 
analgesia, local anesthesia or nerve blockade at the site Of admuoistration in a human which 
occurs less than about 2 hours after first adnunistration; and a duration of local analgesia, 
local anesthesia or nerve blockade which lasts for at least about 1 day after first 
administration, wherein flie mean Gmax of local anesthetic measured by microdialysis in the 
tissue at tibe site is .from a Cmax therapeutically equivalent to 35,000 ng/ml bupivicaine to 
below a toxic concentration at the site; 

82. The me&od of claim 81, wfaerein.8aid formulation further comprises an augmenting 
agent in an amount effective to prolong the efifect of fiie local anesflietic for a time period 
greater than that obtained via administration, of said formulatioii without said augmenting 
agent such tibat a duration of local analgesia lasts for at least about 2 days after first 
administration, wherein tiie level of augmenting agent at the site of administration is at least 
250 times the level of augmenting agent in the blood plasma. 
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83. The mediod of claim 81, wherein said microspheres furOier comprises an e£fective 
amount of a cortocosteroid to prolong die effect of the local anestfietic for a tiine period 
greater than fliat obtained via administration of said formulation wittiout said augmenting 
agent such tibat a duration of local analge^a, anesthesia or nerve blockade lasts for at least 
about 2 days after first admiiiistiation, wherein the mean Cmax of corticosteroid measured by 
microdialysis in tiie tissue at the site is fiom a Cmax therapeutically equivalent to 45 ng/ml 
dexamethasone to below a toxic concentration at Oie site. 

84. A method of detecting the local concentration of a local anesthetic at a site of 
administration comprising administering a local anesthetic at a site of a human and measuring 
die concentration of said local anesdietic in the tissue of said site by microdialysis at one or 
more time intervals. 

85. A mediod of detecting the local concentration of a corticosteroid at a site of 
administration comprising administering a corticosteroid at a site of a hiunan and measuring 
die concentration of said local anesthetic in the tissue of said site by microdialysis at one or 
more time intervals.- 

86. A mediod for preparing a local anesthetic formulation suitable for obtaining local 
.analgesia, local anesthesia or nerve blockade in a human, comprising preparing a plurality of 
controlled release microspheres comprising bupivacaine free base and a bioconqiattble, 
biodegradable polymer comprising a 65:35 DL copolymer of lactic and glycolic acid having 
fiee carboxylic acid end groups, said copolymer a molecular weight of about 40 kDa to about 
120kDa, said microspheres con^sing fiom about 60%. to about 85% bupivacaine fiee base, 
by weight, and containing said microspheres in a pharmaceutically acceptable medium for 
parenteral administration, such that the formulation has a concentration of bupivacaine fiee 
base fiom about 2.25 mg/ml to about 36.0 mg/ml and die formulation includes a- total amount 
ofbupivacdnefiDee base fiiom about 45 mg to about 360 mg prior to admmis^ « < 

87. The method of claims 1-68 or 81-86 wherein said microspheres are ndcrocapsules. 

88. The formulation of claims 69-80 wherein said microspheies are microcapsules. 
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89. A method for pioviding local analgesia, local anesthesia or nerve blockade in a 

human* comprising administering at a site in a human a formulation comprising a plurality of 

controlled release miciospheres comprismg bupivacaine free base and a biocompatible, 

biodegradable polymer comprising a 65:35 DL copolymer of lactic and glycolic acid having 

free carboxylic acid end groups, said copolymer having a molecular weight of about 40 kDa 

to about 120kDa, said microsphexes comprising from about 60% to about 85% bupivacaine 

free base, by weight, said microspheres being contained in a pharmaceutically acceptable 

medium for administration, said formulation having a concentration of bupivacaine free base 
# 

from about 2.25 mg/ml to about 36.0 mg/ml and the formulation including a total amount of 
bupivacaine free base from about 45 mg to about 360 mg prior to administration, such that 
said formulation provides local analgesia, local anesthesia or nerve blockade at the site of 
administration less th^n about 2 hours after first adminisbration, and a duration of local 
analgesia, local anesthesia or nen^e blockade which lasts for at least about 1 day after first 
administration. 

90. ; A pharmaceutical formulation comprising a unit dose of microspheres comprising a 
biocompatible, biodegradable carrier and bupivacaine or a pharmaceutically acceptable salt 
thereof, effective to provide local analgesia, local anesthesia or nerve blockade at the site of 
administration in a human which occurs less than about 2 hour$ after first administration, and 
a duration of local analgesia, local anesttiesia or nerve blockade which lasts, for at least about 
1 day after first administration, said formulation pioviding a mean Cmax of bupivacaine 
measured by microdialysis in the tissue at the site firom about 35,000 ng/ml to below a toxic 
concentration at flie site and a level of local anesfiietic at the site of administration at least 
ISO times the level of said local anesthetic absorbed systemically into blood plasma. 

91. The formulation of claim mefliod of claim 90, wherein ;said microsphoces ftirther 
comprise an efiective amount of dexamethasone or a pharmaceiitickliy acceptable salt thereof 
to prolong the effect of the bupivacaine for a time period greater than that obtained via 
administration of said formulation without said augmentiiig agent such that a duration of 
local analgesia, anes&esia or nerve blockade lasts for at least about 2 days after first 
admiriistration, said formulation providing a mean Cmax of dexamethasone measured by 
microdialysis in the tissue at the site fit>m about 45 ng^ml to below a toxic concentration at 
the site and a level of augmenting agent at the site of administration at least 250 times the 
level of augmenting agent absorbed systemically into blood plasma. 
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92. A phannaceutical fomnilation comprising a unit dose of microspheres comprising a 
biocompatible, biodegradable carrier and bupivacaine or a pharmaceutically acceptable salt 
thereof, effective to provide local analgesia, local anesdiesia or nerve blockade at a site of 
admmistration in a human which occurs less than about 2 hours after first administration, and 
a duration of local analgesia, local anesthesia or nerve blockade which lasts for at least about 
1 day after first administration, said formulation providing a mean Tmax of bupivacaine at 
the tissue at the site occurs which occurs at a time point from about 10 hours to about 45 
hours after first admiiiistration. - 

93. The formulation of claim 92, wherein said microspheres further comprise an effective 
amount of dexametfaasone or a pharmaceutically acceptable salt thereof to prolong the effect 
of the bupivacMne for a time period greater than that obtained via administration of said 
microspheres without said dexamethasone, such that a duration of local analgesia, anesthesia 
or nerve blockade lasts for at least about 2 days after first administration, said formulation 
providing a mean Tmax of dexaip^thasone at the tissue at the site which occurs at a time 
point f|x>m about S hours to about 40 hours after first adhunistration.. « 



310 



wo 02/058670 



1/57 



PCT/US02/02461 




wo 02/058670 



3/57 



PCT/US02/02461 




wo 02/058670 



4/57 



PCT/US02/02461 




■lam 



wo 02/058670 



5/57 



PCT/IIS02/02461 




wo 02/058670 



7/57 



PCT/I}S02/02461 




•A £ £ £ vol m w.« ^• «» 



■. - I I I ^ ^- I t 
Assessment Timepolnt 





Base 
-line 


h2 


H4 


hB 


he 


.h 24 . 


Day 
3 . 


Day 
4 


Day 

e 


Day * 
• 7 


Day 
■8 


VRS 












40K EOLAI.25% 
N»13 












Mean 
(SE) 
Median 
• Rar^e 


1.9 
.3. 
2 

i;4 


1.3 . 
0.2 
1 

0,2 


1.1 
0^ 

• 1 

O.t 


0.8 
0.2 
1* • 
. 0.2 


0.8 
0.3 
1 

0.3 


0.3 0.6 
0.1 0,4 
0 0 
.0.1 0.5 


0.8 . 
0.5 
0 
0.8 


' 1.1 
. 0.7 
0 

0,8 . 


i.2 
0.6 
1 

0,7 


1.0 * 
0.6 
.0 
0.7 


1.4 
0.6 
' 1 
0.8 


VRS 












40K IDLAI.25% 
Na13 












Mean • 
(SE) 
Median 
. Range 


1.9 
0.3 
2 

1.4 


1.2 
0.2 
1 . 
0.3 


0.9 
0.2 
1 

0.2 


1.0 
0.2 
1 

0.2 


1,1 
0.3 
1 

0,3 


0.6 0.8 
0.2. 0.3 
1 1 
0. 2 0. 3 


1 

0.3 • 
1 

0,4 


1:4 
0,7 
• 1 
0.9 . 


1.3 
0.6 
. 1 
o,e 


• 1.1 

o.r 
0 

0/8 


1.5. 
0.7 
. 1 
0.9 



FIQUREA4. 



wo 02/058670 



8/57 



PCT/US02/02461 




WOq2/US8670 



9/57 



PCT/US02/02461 




r— — T— ' 1 ; 1 : i 1 ; — i 1 



jxun 



wo 02/058670 



13/57 



PCTAJS02/02461 




wo 02/058670 



15/57 



PCT/US02/02461 




wo 02/058670 



17/57 



PCT/US02/024iSl 




ONUHOdau >ioiud-Nid sioarehs 



WO02/0S8670 



18/57 



PCT/US02/02461 




SNuuOcSU NOiUd-NM atcarsns 



wo 02/058670 



19/57 



PCT/US02/02461 




)poiq ou BtsdOieue eisaq^sdue 

ONiiuodau >iotHd*Nid sK^pans . 



20/57 



FCT/US02/02461 




wo 02/058670 



21/57 



PCT/US02/02461 




)|00)q ou e|sa6|eu8 e'lsagisaue 



ONULtiOdau Moitid-Nid 'sjoapsos . 



wo 02/058670 



22/57 



PCT/US02/02461 



1.0 - 



3 



§ 0.5 

I 0° 



liours 




days 



- 40K EDLA 2.5% 
>4dKIOLA2.S% 



n — r — r 

I i a 

i. 8 



n — I — r 
^ £ £ 

n €o • 



I . » — I — I — T — I — r 

^\ IM « ,W ID 

^ >. ^ >. >» >• ' >« 

o o o o . S o S 



A8S0ssmen( Timepoint (baseline through end of study) 





Base 


30 ' 










Hr Day 


Day 


Day 


Day 


Day 


Day 


Day 






min 


Hrl 




Hr3 


Hr6 


12 1 


2 


3 . 


4 . 


5 


6. 


7 
















40K EDLA 2.5% 




























N»6 














SomesUtetIc Test Results" 
























Mean 


1.0 


0.8 


0.7 


0.7 


0.8 


0.3 


0.2 0.3 


0.7 


1.0 


10 . 


1.0 


1.0 


1.0 


(SE) 


(0) 


(0.2) 


(0.2) 


(6-2) 


(0.2) 


(0.2) 


(0.2) (0.2) • 


(0.2) 


(0| 


(0) 


(0) 


(0) 


(0) 




1.0 


6.0 


0.0 


0.0 * 


0.0 


' 0.0 


0.0 OiO 


0.0 


1.0 


.1.0 


1.0 


1.0 


1.0 


Maxtmiim 


1.0 


1.0 


.1.0 


1.0 


1.0 • 


1.0 


1.0 1.0 


1.0 


1.0 


1.0 


1.0 


i.b 


1.0 
















40K tDLA 2.5*/. 




.1 
























H»6 ' • 














SomsstheUcTest Results' 
























Mean . 


1.0 


1.0 . 


0.6 


6.8 


0.5 


0.5 


0.7 . 0.8 


1.0 


' 1.0. 


1.0 


1.0 . 


1.0 


1.0 


(SE) 


(0) 


. (0) 




(0.2) 


(0.2) 


(0.2) 


(0.2). (0.2) 


(0) 


(0) 


. (0) 


(0) 


(0) 


(0) 


Mlnhnum 


1.0 


1.0^ 


. 0.0 


0.0 


0.0 ' 


0.0 


0.0 0.0 


t.o 


1.0 


1.0 


1.0 


1.0. 


.1.0 


Maximum 


1.0 : 


4.0 


1.0 


1.0 


1.0 


. 1.0 


1.0 i\o 


1.0 


1.0 


1.0 


1.0 


1.0' 


.1.0 ' 



' EvahHlad on a scale of 0-2, with 0 > no-feaOno: 1 B feels louch/tireMuiv; 2 a feeb sha 



FIGURE C6 



wo 02/058670 



23/57 



PCT/US02/02461 




wo 02/058670 



24/57 



PCT/US02/02461 




* ONLLuodau ss3Nak>fnN SLLoarans . 



wo 02/058670 



25/57 



PCr/US02/02461 




SN0aVWJLN30N00 WMSVld 



wo 02/058670 



2fi/57 



PCT/US02/024(1 




•DNLUiOcSU sssNS^ON sioarsns 



wo 02/058670 



27/57 



PCTAiS02/02461 




wo 02/058670 



28/57 



PCT/US02/0246J 




SM0U.VUJM30N00 WVSVld NV3I^ 



wo 02/058670 



29/57 



PCT/US02/02461 




. sNoavuLhaoNoo vt^tsvid NvakM 



wo 02/058670 



30/57 



PCT/US02/02461 




8 : s 8 • .8 . 



SNOaVUlNBONOO WVSVld l>(VaiAl . 



wo 02/058670 



31/57 



PCT/US02/02461 




SNOUVULNBONOO VW'SVld NX^W 



wo 02/058670 



32/57 



PCT/US02/02461 



LEFT HAND 



RIGHT HAND 




Thenar 
Eminence 



(Area D). 



Lateral Border 
of the Thumb 

(Area D) ' 



Example of area wRhIn a section 
, designated as-densest area of block 
for pinprick evaluations. 



Thenar 
• Eminence 




Lateral 
Border of 
the Thumb 

(Area D) 



Example of area within a section 
designated as densest area of block for 
pinprick evaluations 



FIGURE Dl 



wo 02/058670 



33/57 



PCT/1JS02/02461 



• aso 



^ ^ ^ ^ ^ 



Subject 1 



i ' 1 a a 6 0 la 34 * 40 

T1MG mU OOSB IHra) 



ANfeSTHSSU 




HMg FDOM OOS8 Ota) 



LCoaiO: Star 



FIGURE D2 

Degree of Analgesia/Anesthesia in Relation to Plasma Buplvacalne Concentrations for Each 
Subject Receiving 2.5% 120K EDLA (N = 3) 
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FIGURE D2 (continued) 

. Degree of Analgesia/Anesthesia in Reiiation to Plasma Bupivacaine Concentrations for Each 
Subject ReceMng 2.5% 120KEDLA(N = 3) • . 
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FIGURE D3 

Degree of Analgesia/Anesthesia in Relation to Plasma Buph/acaine Concentrations for Each 
Subject Receiving 0.5% AB-D (N - 3) 
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FIGURE D3 (continued) 

Degree of AnalgesiayAnesthesia in Relafion to Plasma Bupivacalne Concentrations for Each 
Subject Receiving 0.5.% AB-D (N = 3) 
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Cumulative Percent of Subjects Demonstrating Onset of 
Analgesia/Anesthesia Within 6 Hours for 1 .25% 40K EDLA versus 0.5% ' 
AB. 

FIGURE Fl 
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Ul • u 




Duration of Analgesia/Anesthesia in Area by'Dose 
•40KEDLA/AB 
Study Parti 




MVeatmentPair 
. N«3 
40KEDLA AB 
0.625% 0.5% . 


• TVeatment Pair 
N=3 

40K'EDLA AB 
1.25% 0.5% 


IVealment Pair 
N-3 

40KBDLA AB 
2,5% 0.5%. 


Duration 

Mean 
(SB) 
Range 


1.65 . 0.53 
(1.28) (036) 
0.02^.17 ^.OM.22 


1.53 0.33 
(0.82) . (0.20) 
0.01-2.82 0.09-0.73 


2.23 1.00 
(1.22) . (0.10) 
0.02-4.22 0.90^1.20 



Mean (SE) and Range of Duration of Analgesia/Anesthesia by Dose for 
40K EDLA versus 0.5% AB 

FIGURE F2 
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B&se 
-line 


• 30 
min 


Hrl 


Hr2. 


Hr3 


.Hr6 Hrl2 


Day 


X)ay 
3** 


Day 


Day 


Day. 












1.25%40KEDLA 
N-3 












Pinprick Test Results'" 
Mean ' 2 


U3 


2 


1.67 


1.67 


1 0J3 0.67 


1 


1.67 


2 


2 . 


2 


(SB) (0) 
Range 2-2 


(0.33) 
N2 


(0) 
•2-2 


(0.33) 
1-2 


(0.33) 
1-2: 


(0) (0.33) (033) 
l-l O-l 0-1 


(0) 
l-I 


(0.33) 
1-2 


(0) • 

2-2 


(0) 
2-2 


(0) 
2-2 













1.25%40IC£DLA 


































Pinprick Test Result^ 






















Mean . * 2 


1.33 


1.33 


1.67 


1.33 * 


1 I . 1.33. 


1.67 


2 


2 


2 


2 


(SB) (0) 


(0.33) 


(0.33) 


(0.33) 


(0.33) 


(0) (0.58) (0.33) 


(0.33) 


(0) 


(0) 


(0) 


(0) 


Range 2-2 


1-2 


N2 


1-2 


1-2 


1-1 0-2 1-2 


1-2 


2-2 


2-2 


2-2 


2-2 . 



* BvalUBted on a scale or.0-2, with 0 » no reeling; 1 » Teels louch/^fcssure; 2 - feels fhaip. 
^ Afternoon inveiligalor resuUs . 



Time Course of Analgesia/Anesdiesia in Area C for 1.25% 40K EDLA 
versus 1 .25^0 40K IDLA 



FIGURE F3 
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Cumulative Percent of Subjects Demonstrating Temperature Perception 
Block Within 6 Hours for 1.25% 40K EDLA versus 0,5% AB. 

FIGURE F4 
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US US u 



DuTBtion of Temperature Perception Block 

40KHDLA/AB . . | 





• Treatment Pair 


Treatment Pair 


IVeatment Pair 




40KBDLA 


AB 


40KEDLA • 


Afi 


. 40KBDLA 


AB 


Duration (days) 


0.625% 


0.5% 


1.25% 


0.5% 


2.5% 


0.5% 


Mean 


1.11 


0.9S 


3.10 


037 


0.03 


0.61 


(SE) 


(0.61) 


(0.16) ' 


(0.55) 


(0.21) 


(0.01) 


(0.52) 


Range 


0.02.2.15 


0.67-1.22 


2.25-4.13 


0.02-0.73 ' 


0.01-0.06 . 


. 0.01-1.66 



Mean (SE) and Range of Duration (bays) of Temperature Perception . 
Block in Area C for 40K EDLA by Dose. 



FIGURE F5 
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Base- Day Day Day Day Day Day 

line aOmin Hrl Hr2 Hr3 Hr6 Hr 12 1* 2** 3^ 4^ f'. 

1.25%40KEDIA 
. N-3 
Level of Numbness Test Results' 

Mean 0 .2 I 2.67 *4J3 633 8 8 6,67 3 3 0 0 

(SB) (0) (6.58) (0.58) (0.67) (1.45) (1.86) (1.15). (1.15) (1.45) (2.52) (3) (0) (0) 

Range 0-0 1-3 0-2 2-4 2-7 • 4-10 ,6-10 6-10 4-9 0-8 04 0-0 0-0 

1.25%40KIDIA T'- 
N-3 

Level cfNimiliness Test Results* 

Mean 0 ' 6.67 * 3 3.67 3J3 8.33. 6.67 7.33 .2 5 1- 0 0 

(SB) (0) (0J3) (1) (2.03) (1.67) (0.33) (1.86) (2.67) (2) (0) (0) (0) (0) 

Range 0-0 0-1 M 0-7 0-5 8-9 3-9 2-10 0-6 5-5 M 0-0 .0-0 

* Bvaluated on a scale of 0-10, with 0 ".Not Numb At Alt, tod 10" Totally Nunib. 
Afternoon investigatonewtls . ' 

Time Course of Numbness for 1.25% 40K EDLA versus 1 .25% 40K IDLA in Area C. 

FIGUREF6 
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1 I 5 « « 2 i S i i ^ .1 



Bafie- 30 Day Day Day Day Day Day 

line ndn Hr I Hr2 Hr3 Hr6 2^ 3** 4** 7** t4* 

: 1.25%4QKEDLA ^ • ' '. 

- N-3 . . • 

Von Frey Hair (MTDT) Test Kesuhs 

Mean .3.43 3.43 3.3 3.71 3.71 4.17 4.85 4J5 3.35 2.79 3.22 2.67 

(SB) (0.21) (0.31) (0.29) (0.26) (0.32) (0.48) (O.U) (O.H) (0.51) (0.43) (0.23) (0.27) 

Range 3.22- 2.83- 2.83- 3i2- 3.22- 3.22- 4.74- 4.17- 2J6- 2J6- 2.83- 236- 

3.84 i.84 3.84 4.08 . 4.31 . 4.74 5.07 4.56 4.08 3.22 3.61 3.22 ' 

; i.25%40KIQ)!X^ ' ' 
N-3 

Von Frcy Hair (MTDT) Test Results* • • • 

Mean 2.7 3.3 3.9 3.54 3.72 4.36 4.04 3.25 3.6 1 2.83 3.43 3.35 

; (SB) (0.52) (0.29) (0.34) (0.52) (0.65) (0.57) (0.8) (0.52) (0) (0) (0.21) (0.13) 

Range 1.65- 2.83- 3.22- 2.83- 2.44- 3.22- 2.44- .2.36- 3.61- 2.83- 3.22- 3.22- 

• 3.22 3.84 4.31 4.56 4J6 4.93 4.93 4.17 . 3.61 2.83 3.84 3.61 

• * Evaluated on s scale of 1. 6S to 7 with 1.65 being the lowest Von Tnf Hair numerical designation and a score of 7 given if the 
highest Vbn Pkcy Hair numerical designation of 6.65 doei not produce any sensation of loueh. 
Afternoon investigator resulti 



Time Course of Von Frey Hftir Test Results (MTDT) for 1.25% 40K 
EDLA versus 1.25% 40K IDLA in Area C 

FIGUREF7 
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BBScline Hf3 Hr6 . Dayl> Day 2 Day 3 Day 4 DayS Pay 6 

: ].25%40KBDLA ' 
N-3 

.Plasma Bupivacaine Results 

. Mean (ng/W) 0 92,67 91.55 45.73 93,8 61.27 52.85 ^ 28.2 19 

(SB) (0) (46.77) (85.23) (16^1) (66.43) (12J3) (33.45) (0) (0)^ 

Range (M) O-lj^O 5.48-262 13-65.9 10.1-225 37.1-77.6 lS!;4-86.3 28.2-28.2 19-19 

1.25%40KIDLA ' '' '. 

Plasma Bupivacaihe Results 

Mcan(ng/m!) 0 5:95 8.9 106.03 60.23 14.8 6.28 N.D. N.Dl 

(SB) (0) (3.56) (1.95) .(38.18) (34.06) (0) . (0)- N.D. RD. 

Range 0-0 0-1^3 6.0M2.6 30.M51 20.3-128 14.8-14.8 6.28-6.28 NJP. N.D. 

N.D.. Not Delectable • ' . . . . . 



Mean Plasma Bupivacaine Concentrations Over Time (1 .25% 40K EDLA 
* and 1.25% 40KroiA Volume 3 mL) 



FIGURE F8 
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40K EDLA/AB 




» 1 1 1 1 ■■■ ■ r - 

<eaOfn!n>30fnln<»1hr >1-2hr >2-ahr: >3-6hr' *>6hf. 

Time Of Onset Of Analgesia/Ahesthesia 



120k EDLA/AB 




Time of Onset of AnafgesiaZ/Knesthesia 



40K EDLA/AB 

. Cumulative Percent of Subjects Demonstrating Onset of Analgesia/Anesthesia Within 6 
. Hours for 1.25% 4dK and 120K EOLA vs AB. 

*Each Umepoint represents an accumulalion until the highest group value achieved. 

FIGURE G2 . 



^VO 02/058670 



48/57 



PCT/US02/02461 




>40K83LA1^ 

' 4aKtOiA%J2S% 



r ^ f S s i 1 1 1 s H 11 M f. 



Assessment Tlmepolnt (baseline thrtugh end of study) 



Base 
-llne- 



30 
min 



hi h2 .h3 h6 



h12 



Day 
2 



Day 

.3 



Day 
4 



Day 
5 



Day 
6 



Day 
7 



Pinprick Score^ 
Mean 2 
(SE) . (0) 
Range 2. 2 



40KEDLA1.25y. 



1.8 
(0.2) 
A2_. 



1.5 
(0.3) 
0,2 



0.8 
(0.4) 



0.4 
(0.3) 



0 

(0) 
0.0 



0.3 
(0.2) 



0 

(0) 



40KIDLA1.25% 

Rnprlck Score 

Mean .2 2' . 1.7 1.7 1.0 0.7 1.2 2.0 
(SE) (0) (0) . (0.3) (0.3) (0.5) (0.4) (0.4) (0) 
Range. 2.2 2.2 0. 2 0. 2 0,2 0.2 0,2 1.2 



1.0 
(0^) 



1.8 
(0.2) 
Jr2_ 



2.0 
(0) 
A2. 



2.0 
(0) 



2.0 
(0) 
2^ 



2.0 
(0) 
2.2 



2.0 
(0) 
2J 



2.0 
(0) 
2.2 



2.0 2.0 
(0) (0) 
l2 2,2 



* EDLA and IDLA blocks were administered bilaterally to 6 subjects who received one treatment In one foot and 
the other treatment In the opposite foot 

^ Evaluated on a scale of 0^2. with 0 « no feeling: 1 « feels touch/pressure; 2 » feels sharp.' * ' 

Mean (SE) and Range of Pinprick Scores Over Time 
forl.25% 40K EDLA vs 1.25% 40K IDU 



FIGURE G3 
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Assessment TknepbM {baseline through end. of siutfy) 



Base 30 
-line . mln 


h2 


h3 


h8 h12 Jb^y 


Day 


Day 


Day 


Day. 


Day 

7*' 








40K EDUVI.25% 


















N»6 












Temperature Perception Score' 














■ /• 




Mean ] 1 0.7 0.8 


0.5 


0.2 


0 0.2 0^2 


0.7 


1.0 


1,0 . 


1.0 


1.0 


(SE) (0) (0.2) (0.2) 


(6.2) 


(0.2) 


. (0) (0.2) (0.2) 


(0-2) 


(6) 


(0) 


(0) 


(0) 


Range 1,1 0.1 0» 1 


0.1 


0.1 


0,0 0.1 0,1 


0.1 


1.1 


1.1 


1.1 


1.1 


Temperature Perception Score* 
' Mean .1 1 0.8 


. 0.8 


0.5 


40K IDUV1.25Vo 
N=6 

0.3 . 0.7 0,8 


1.0 


1.0 




1.0 


. 1.0 



(SE). (0) (0) (0:2) (0.2) (0.2) (0.2). (0.2). (0J2) (0) (0) : (0) (0) . (0) 
Range 1.1 1,1 0,1 0,1 0,1 0.1 ,0.1 0.1 1.1 1,1 1.1 1,1. 1,1 

' Evaluated on a scale of 0^1 » with 1 "Ves" (a change In temperature was percefvad), and 1 » "No" (no change 
in temperature was perceived); ^ Evening scpre. 

Mean j[SE) Scores of Temperature Perception for 1 .25% 40K EDLA vs 
• . 1.25%40KIDLA 

FIGURE G5 
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40KEOU 125% 




B M h M B i 
« M fi a «i 

Assessmam llmepcM (baseOne threugh end of 



I ^> & s i s s s s s 't I s I s 



Base . 30 
-line mln 



hi 



h2 



h3 



h6 



h12 



Day 
2* 



pay 3 pay 4 pay 5. pay 6 pay 7 



40KEDL41.25% 
N«6 . 



Levet of Mumbness Score' 
Mean ' 0 0.8! 



3.2 



4.7 7.5. 



8.5 



9.0 



4.5 



0.7 



. (SE) (0) (0.8) 
Range 0 0. 0.5 


(1.6) 
0/10 


(1.6) 
0. 10 * 


(1.5) 
1, 10 


(1.4). (0.7) (0.7) 
2. 10 , 6. 10 6; 10 


(1.3). 
0.8 


(0.3) 

' o;2 


(0) 
0 


(0) 
0 


(0) 
.0 










40KIDLA1.25% 




















N«6 












- Level of Numbness Score' 




















^4e3n 0 0 • 


1.7 


. 2.2 


3.8 


.4.8 . 3.B 0.5 . 


0.3 


0 


0 


0 


0 


(SE) (0) (0) 


(1.3) 


(1.6) 


(1.4) 


(1.8) (1.8) (0.5) 


(0.3) 


(0) 


(b) 


(0) 


(0) 


flange 0 0 


0.8 


0. 10 


0. 10 


0,10 0.10 .0.3 


0.2 


0 


. 0 


0 


0 



Mean (SE) Numbness Scores for 1.25% 40K EDLA ys 1.25% 40K IDLA. 

FIGURE G7 
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. FIGURE J-1 

Microdialvsis Study Design 



Parti: 



15 mL 40K BOIA 2.5% (L) 



Screening 



Part 2: 



t5inL40K:EOUX5%(R) ' 
t5inL40KBDlA2.5%(L) 
N-4 



t5niLAfi0.5%(R) 
l5niLAB0.S%(L) 



Day 1 



Day4 



7.5 mL40K BDLA 15% (R) 
]5mL40KBDLA2.5%a) 



15 mL 40K BDLA 1.25% (R) 
15mL40KBDLA25%a) 



l5mLAB0.25%(R} 

l5mLAB0.25%(U 
K-4 



P0ll0W-UD 

Week 2 
Week« 
Mondi*3 
Month 6 



Screening 



Day 1 



Day 4 



Foltow-up 
Week2 
Week6 
Months 

' Month 6 
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FIGUIUEJ-2 
Injection and Probe Placement 
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FIGURE J-3 
Subject Disposition 

Subjects Enrolled 
K»28 





Subjetts Randomized 






1^28 





15 mL 
40K EDLA 

2.5% . 
(left calf) 

N=4 . 



Parti 
Subjects dosed 
N«12 



iSmL 
40K ^DLA 

2.5% 
(right calO 

. + 

15 mL 
40K EDLA 

2.5% 
' (left calf) 

N=4 



ISmLAB 

0.5% 
(right calQ 
+ 

15mLAB 

0.5% 
(Icftcati) 

N=4 



Part2 • 
Subjects dosed 
^^16 



Completed Study 
l*-28 



1 










7.5 mL 




15mL40K 




l5mLAB 


40KEDLA 




BDLA 




0.25% 


2.5% 




1.25% 




(right calf) 


(right c^O 




(right calO 






+ 








15mlAB 


15mL40K 




l5mL40iC 




0.25% 


BDLA 




EDLA 




(left calf) 


2.5% 




• 2.5% 








(left calf) 




, (leftcali) 






. N«6 
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